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(54) Process for producing a polycarbonate resin 



(57) A process for producing a polycarbonate resin 
through the melt polycondensation of an aromatic diol 
compound and a carbonic acid diester compound, 
wherein 



(1 ) valves, (2) gear pumps. (3) flanges and (4) flow 
passages having the specified structures and charac- 
teristic properties are used in the production process. 

According to ihe present invention, a high-quality 
polycarbonate can be obtained by an industrial process. 
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Description 

Detailed Description of the Invention 

Field of the Invention 5 

[0001] The present invention relates to a process for 
producing a polycarbonate resin and. specifically to a 
process for producing a polycarbonate resin through a 
melt polycondensation reaction between an aromatic di- w 
ol compound and a carbonic acid diester. More specifi- 
cally, the present invention relates to improveiTients on 
a valve, gear pump, flange or flow passage for the trans- ' 
fer of a reaction mixture among a plurality of polymeri- 
zation reactors in an industrial process for producing a ?5 
polycarbonate resin through a melt polycondensation 
reaction. The improvements in the present invention are 
applied to the discharge of a polycarbonate resin from 
a final polymerization reactor and the transfer of the 
polycarbonate resin to the following step. 20 

Prior Art 

[0002] An aromatic polycarbonate resin is widely 
used as a molding material because it is excellent in mc- 2S 
chanical properties such as impact resistance as well 
as heat resistance and transparency Known processes 
for producing such an aromatic polycarbonate resin in- 
clude one (interfacial process) in which an aromatic diol 
compound such as bisphenol and phosgene are directly 30 
reacted with each other and one (melting process) in 
which an arorriatic diol compound such as bisphenol 
and an aromatic carbonic acid diester such as diphenyl 
carbonate are subjected to an ester exchange reaction. 
[0003] Out of these production processes, the proc- 3S 
ess for producing a polycarbonate through an ester ex- 
change reaction between an aromatic diol compound 
and an aromatic carbonic acid diester is generally car- 
ried out by distilling off from a reaction mixture a mono- 
hydroxy compound such as a phenol by-produced by 40 
gradually elevating the reaction temperature from 
ISO'^C which is the lowest temperature required to start 
an ester exchange reaction to about 350**C in the pres- 
ence of an organic acid salt, inorganic acid salt, oxide, 
hydroxide, hydride or alcoholate of a metal as a catalyst 45 
and gradually reducing the pressure from atmospheric 
pressure to 13.3 x 10"^ MPa. 

[0004] In the step of transferring the reaction mixture 
between polymerization reactors and the step of dis- 
charging the reaction mixture from the final potymeriza- so 
tion reactor, valves, pumps, flanges and flow passages 
(pipes) are used. These transfer members are used at 
a high temperature and a high degree of vacuum. Since 
the viscosity of the reaction mixture rises toan extremely 
high level, generally 200 to 10.000 Pa-S (2,000 to SB 
100,000 poise), which differs according to reaction con- 
ditions, along with the proceeding of the reaction (reach- 
ing completion), the pressure of the pump must be in- 



creased in accordance with resistance (pressure loss) 
generated in the pipe (flow passage) to transfer the re- 
action mixture through the pipe, and these transfer 
members must stand high pressure. 
[0005] The term "reaction mixture" as used herein 
means a mixture obtained after a polycondensation re- 
action starts, proceeds or ends in the step of obtaining 
an aromatic polycarbonate by carrying out the melt poly- 
condensation reaction of a mixture containing an aro- 
matic diol compound and an aromatic carbonic acid di- 
ester as essential ingredients in the presence of an ester 
exchange catalyst. A reaction mixture whose polymeri- 
zation degree proceeds to some extent is generally 
called "prepolymer" according to chemical terminology 
and a reaction mixture whose polymerization degree 
proceeds further Is called "polymer" according to chem- 
ical terminology. 

Brief Description of the Drawings 
[0006] 

Fig. 1 is a diagram of a process typically showing 
an example of the arrangement of valves, pumps, 
flanges and flow passages for the production of the 
polycarbonate resin of the present invention; 
Fig. 2 is diagram typically showing the transfer route 
of a reaction mixture in which valves, pumps, flang- 
es and flow passages can be arranged in polymer- 
ization reactors (I to IV) for the production of the 
polycarbonate resin of the present invention (por- 
tions shown by dotted lines indicate the transfer 
route): 

Explanations of notations in Fig. 1 and Fig. 2 

(1) valve 

(2) gear pump 

(3) flange 

(4) flow passage 

I to IV: polymerization reactor 

A: vertical polymerization reactor 

B: horizontal polymerization reactor 

Fig. 3 is a sectional view of an example of a ball 
valve of the prior art; 

Fig. 4 is a sectional view of an example of a plug 
valve of the prior art; 

Fig. 5 is a sectional view of an example of a T- 
shaped globe valve of the prior art; 
Fig. 6 is a sectional view of an example of a Y- 
shaped globe valve according to the present inven- 
tion; 

Fig. 7 is a sectional view of an example of a Y- 
shaped globe valve according to the present inven- 
tion; 

Fig. 8 is a sectbnal view of an example of a valve 
according to the present invention; 
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Fig. 9 is a sectional view of an example of a valve 
according to the present invention 
Explanations of notations in Fig. 3 to Fig. 9 

1 ball 

2 inner space of ball 

3 portion opposite to ball 1 

4 clearance 

5 sheet packing 

11 plug 

12 inner space 

1 3 valve body 

14 space ^ 

31 stem 

32 disk 

33 residence space 

34 seal 

41 stem 

42 disk 

43 seal 

44 handle 

45 space 

51 valve body 

52 heating medium jacket 

53 tubular portion 

54 inlet port of. reaction mixture 

55 outlet port of reaction mixture 

56 stem 

57 gland packing 

58 handle 

59 portion on a downstream side of spacer 62 

60 seat 

61 O ring 

62 spacer 

63 space 

a flow direction of fluid 
b moving direction of plug 
c flow direction of fluid 
d flow direction of fluid 
e flow direction of fluid 

Fig. 1 0 is a transverse sectional view of an example 
of a gear pump according to the present invention; 
Fig. 1 1 is a transverse sectional view of an example 
of gear pump according to the present invention 
when seen from an axial direction; 
Fig. 1 2 shows a bushing fixed to a cover plate; 
Fig. 13 shows an example of the lubricating flow 
passage of a reaction mixture formed by a gear 
pump according to the present invention; 
Explanations of notations in Fig. 10 to Fig. 13 

101 front plate 

102 gear case 

103 back plate 

104 bushing 

105 heating mediumjacket 
.106 driving shaft 



70 



75 



20 



25 



30 



35 



40 



45 



SO 



107 

108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 



121 



follow shaft 
gear 

gear 

Inlet port of reaction mixture 
outlet port of reaction mixture 
driving shaft sea! 
O ring 
scraper 

bushing fixing bolt 
O ring 

lubricating groove 
exhaust groove 

sliding surfaces of gears 108 and 109 
contact surfaces between bushing 104 and 
front plate 101 and between bushing 104 and 
back plate 103 

inlet port of reaction mixture for lubrication 



55 



Fig. 14 Is a sectional view of an example of a flange 
according to the present invention; 
Fig 1 5 is a sectional view of an example of a flange 
according to the present invention; 
Explanations of notations in Fig. 14 to Fig. 15 

201 flange (female) 

202 flange (male) 

203 heating medium jacket 

204 pipe welded portion 

205 metal-to-metal sealing surface 

206 metal O ring attachment portion 

207 groove portion (male) 

208 groove portion (female) 

209 bolt/nut attachment hole 

Fig 1 6 is a sectional view of an example of a socket 
according to the present invention; 
Explanations of notations in Fig. 16 

301 pipe 

302 pipe 

303 socket 

304 welding 

305 liquid contact portbn 

306 surfaces in contact with socket 303 of pipes 
301 and 302 

307 surfaces in contact with pipes 301 and 302 of 
socket 303 

Fig. 17 shows an example of a reducer (concentric 
type) in a flow passage according to the present in- 
vention; 

Fig. 18 shows an example of a reducer (concentric 
typo) in a flow passage according to the present in- 
vention; 

Fig. 19 shows an example of a reducer (eccentric 
type) in a flow passage according to the present in- 
vention; 

Fig. 20 shows an example of a reducer (eccentric 
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type) in a flow passage according to the present in- 
vention; and 

Fig. 21 shows an example of a curved pipe portion 
in a flow passage according lo the present inven- 
tion. 5 
Explanations of notations in Fig. 17 to Fig. 21 

401 reducer body 

402 small pipe side 

403 large pipe side io 

404 liquid contact portion 

405 welded portion 

406 canned portion 

[0007] It Is an objecl of the present Invention to im- is 
prove (1) valves. (2) pumps. (3) flanges and (4) flow pas- 
sages (may be referred to as "transfer members" here- 
inafter) used to transfer a reaction mixture when a poly- 
carbonate resin (to be simply referred to as "polycar- 
bonate" hereinafter) is produced by an industrial proc- 20 
ess. Particularly, it is an object of the present invention 
to make improvements to obtain a high-quality polycar- 
bonate by suppressing as much as possible a deterio- 
rated product formed by the residence of a reaction mix- 
ture in the transfer members. 2S 
[0008] According to studies conducted by the inven- 
tors of the present invention, it has been found that the 
above objects of the present invention are attained by 
using ( 1 ) valves. (2) pumps, (3) flanges and (4) flow pas- 
sages having the following structures and characteristic 30 
properties. 

[0009] That is. according to the present invention, 
there is provided a process for producing a polycar- 
bonate resin through the melt polycondensation of an 
aromatic dbl compound and a carbonic acid diester 35 
compound, wherein (1) valves, (2) pumps, (3) flanges 
and (4) flow passages having the following structures 
and characteristic properties are used in the production 
process. 

40 

(1) valve; Y-shaped globe valve which has a heat 
durability of 150**C or more, substantially no leak- 
age under a vacuum pressure of 40,000 x 1 0"^ MPa 
or less and a pressure durability of 0. 1 MPa or more, 
and whose liquid contact portion is made from a ma- 
terial having corrosion resistance against a mono- 
hydroxy compound formed by a reaction between 
the aromatic diol compound and the carbonic acid 
diester compound 

(2) gear pump; gear pump which has a heat dura- so 
bility of 1 50°C or more^ substantially no leakage un- 
der a vacuum pressure of 40,000 x 10-^ MPa, a 
pressure durability of 0.1 MPa or more and a deliv- 
ery pressure of 1 MPa or more, whose liquid contact 
portion is made from a material having corrosion re- ss 
sistance against a monohydroxy compound formed 
by a reaction between the aromatic diol compound 
and the carbonic acid diester compound, and which 



has such a structure that the reaction mixture under 
a vacuum pressure of 40.000 x lO'^ MPa or less 
■ can be discharged and thai the reaction mixture for 
lubricating contact portions among a gear shaft and 
other gear pump members does not return into the 
pump and is discharged to the outside of the pump. 

(3) flange: flange which has a heal durability of 
150°C or more, substantially no leakage under a 
vacuum pressure of 40,000 x 10'® MPa or less and 
a pressure durability of 0. 1 MPa or more whose liq- 
uid contact portion is made from a material having 
corrosion resistance against a monohydroxy com- 
pound formed by a reaction between the aromatic 
diol compound and the carbonic acid diester com- 
pound, and which has a heating medium jacket 
therein. 

(4) flow passage; flow passage which has a heat 
durability of ISO'^C or more, substantially no leak- 
age under a vacuum pressure of 40,000 x 1 0-^ MPa 
or less and a pressure durability of 0. 1 MPa or more, 
whose liquid contact portion is made from a material 
having corrosion resistance against a monohydroxy 
compound formed by a reaction between the aro- 
matic diol compound and the carbonic acid diester 
compound, which is restricted and/or expanded at 
a vertical angle of 20° or less, and whose surface 
is smooth without level differences. 

[0010] The polycarbonate production process of the 
present invention will be described in detail hereinafter. 
[0011] In the present invention, the transfer members 
are' used to transfer a reaction mixture between polym- 
erization reactors or to discharge the reaction mixture 
from a final polymerization reactor in the production of 
a polycarbonate through melt polycondensation. The 
transfer members will be described with reference to 
Fig. 1 and Fig. 2. Fig. 1 showsan example of the process 
of the present invention in which a vertical polymeriza- 
tion reactor A and a horizontal polymerization reactor B 
are used. In Fig. 1, a reaction mixture is discharged 
quantitatively by a gear pump (2) from the vertical po- 
lymerization reactor A, introduced into curved pipes (4') 
and (4") through a curved pipe, passed through a curved 
pipe (4) and a valve (1) and introduced into the inlet of 
the horizontal polymerization reactor B. The reaction 
mixture is discharged from the outlet of the horizontal 
polymerization reactor B by a gear pump (2'). Flanges 
(3) are used in this transfer route. 
[0012] Fig. 1 is a diagram typically showing an exam- 
ple of the arrangement of the valves (1), gear pumps 
(2), flanges (3) and flow passages (4) of the present in- 
vention. The types of polymerization reactors, the ar- 
rangement order of the transfer members and the 
number of transfer members of each type are not limited 
to those of Fig. 1. 

[0013] The transfer members including pipes in Fig. 

1 are heated by a heating medium jacket. 

[0014] Fig. 2 shows a flow of the reaction mixture 
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when polymerization reactors 1 to IV are connected in 
series. The transfer nnembers o\ the present invention 
can be arranged along the route shown by dotted lines 
in Fig. 2. The polymerization reactors I to IV may be of 
either a vertical or horizontal type. ^ 
(0015] Fig. 2 shows four polymerization reactors but 
the number of polymerization reactors may be 2 to 5 and 
each of the polymerization reactors is maintained at a 
predetermined pressure and a predetermined tempera- 
ture. 

[0016] The present invention makes it possible to ob- 
tain a high-quality polycarbonate which rarely produces 
a deteriorated product of a polymer and is used as a 
base material for an optical recording material by using 
( 1 ) valves. (2) gear pumps. (3) flanges and (4) flow pas- '5 
sages having the above structures and characteristic 
properties as transfer members. 
[0017] According lo another aspect of the present in- 
vention, there is provided (a) a process for producing a 
polycarbonate resin through the melt polycondensalion 
of an aromatic diol compound and a carbonic acid di- 
ester compound, wherein (1) valves, (2) gear pumps 
and (3) flanges used in the production process have the 
above structures and characteristic properties. 
[GDI 8] According to still another aspect of the present 2S 
invention, there is provided (b) a process for producing 
a polycarbonate resin through the melt polycondensa- 
lion of an aromatic diol compound and a carbonic acid 
diester compound, wherein at least two members out of 
(1) valves. (2) gear pumps and (3) flanges used in the 30 
production process have the above structures and char- 
acteristic properties. 

(001 9] In this aspect (b), (4) flow passages having the 
above structure and characteristic properties may be 
used 

[0020] According to a further aspect of the present in- 
vention, there is provided (c) a process for producing a 
polycarbonate resin through the melt polycondensation 
of an aromatic diol compound and a carbonic acid di- 
ester compound, wherein at least, one member out of 
(1) valves, (2) gear pumps and (3) flanges used in the 
production process has the above structure and char- 
acteristic properties. 

[0021] In the above aspect (c). (4) flow passages hav- 
ing the above structure and characteristic properties ^5 
may further be used. 

[0022] According to a still further aspect of the present 
invention, there is provided (d) a process for producing 
a polycarbonate resin through the melt polycondensa- 
tion of an aromatic diol compound and a carbonic acid 50 
diester compound, wherein at least one member out of 
(1 ) valves. (2) gear pumps. (3) flanges and (4) flow pas- 
sages used in the production process has the atx)vo 
structure and characteristic properties. 
[0023] In this aspect (d), it is preferred that at least 55 
two out of the above transfer members used in the pro- 
duction process have the above structures and charac- 
teristic properties. 



[0024] The polycarbonate in the present invention will 
be described in detail hereinafter 
[0025] The term "aromatic polycarbonate" as used 
herein means an aromatic polycarbonate obtained by 
the melt polycondensation of an aromatic diol com- 
pound and a carbonic acid diester as essential ingredi- 
ents in the presence of an ester exchange catalyst such 
as one comprising an alkali earth metal compound, an 
alkali metal compound or a nitrogen-containing basic 
compound. 

[0026] Illustrative examples of the aromatic diol com- 
pound include bis(4-hydroxyphenyl)methane. 2,2-bis 
(4-hydroxyphenyl)propane, 2.2-bis(4-hydroxy-3-meth- 
ylphenyl)propane. 4.4-bis(4-hydroxyphenyl)heptane, 
2,2-bis(4-hydroxy-3.5-dichlorophenyl)propane, 2,2-bis 
(4-hydroxy-3.5-dibromophenyl)propane, 1.1 -bis(4-hy- 
droxyphenyl)-3.3.5-trlmethylcyclohexane. 4,4-(m-phe- 
nylenediisopropylidene)diphenol, bis{4-hydroxyphenyl) 
oxide. bis(3,5-dichloro-4-hydroxyphenyl)oxide. p.p'-di- 
hydroxydiphenyl, 3.3'-dichloro-4,4'-dihydroxydiphenyl, 
bis(hydroxyphenyl)sulfone, resorcinol, hydroquinone, 
1 ,4-dihydroxy-2,5-dichlorobenzene. 1 .4-dihydroxy- 
3-methylben2ene, bis(4-hydroxyphenyl)sulfide, bis 
(4-hydroxyphenyl)sulfoxide and the like. Out of these, 
2,2-bis{4-hydroxyphenyl)propano is particularly pre- 
ferred. 

[0027] Illustrative examples of the carbonic acid di- 
ester include diphenyl carbonate, ditolyl carbonate, bis 
(chlorophenyl)carbonate, m-cresyl carbonate, dinaph- 
thyl carbonate. bis(diphenyl)carbonate. dimethyl car- 
bonate, diethyl carbonate, dibutyl carbonate, dicy- 
clohexyl carbonate and the like. Out of these, diphenyl 
carbonate is particularly preferred. 
[0028] Further, the polycarbonate of the present in- 
vention may further contain an aliphatic diol such as eth- 
ylene glycol. 1.4-butanediol. 1 ,4-cyclohexane dimetha- 
nol or 1 , 1 0-decanediol; a dicarboxylic acid such as suc- 
cinic acid, isophthalic acid. 2,6-naphthalenedicarboxylic 
acid, adipic acid, cyciohexanecarboxylic acid or tereph- 
thalic acid; or an oxyacid such as lactic acid, p-hydroxy- 
benzoic acid or 6-hydroxy-2-naphthoic acid as required. 
[0029] The alkali metal compound used as a catalyst 
is, for example, a hydroxide, bicarbonate, carbonate, 
acetate, nitrate, nitrite, sulfite, cyanate. thiocyanate. 
stearate. borohydride, benzoate, hydrogen phosphate, 
bisphenol salt or phenol salt of an alkali metal. 
[0030] Illustrative examples of the alkali metal com- 
pound include sodium hydroxide, potassium hydroxide, 
lithium hydroxide, sodium bicarlx)nate. potassium bicar- 
bonate, lithium bicarbonate, sodium carbonate, potas- 
sium carbonate, lithium carbonate, sodium acetate; po- 
tassium acetate, lithium acetate, sodium nitrate, potas- 
sium nitrate, lithium nitrate, sodium nitrite, potassium ni- 
trite, lithium nitrite, sodium sulfite, potassium sulfite, lith- 
ium sulfite, sodium cyanate. potassium cyanate, lithium 
cyanate. sodium thiocyanate, potassium thiocyanate, 
lithium thiocyanate, sodium stearate, potassium stear- 
ate, lithium stearate, sodium borohydride. potassium 



9 



EP 0 976 773 A2 



10 



borohydride. lithium borohydride. sodium phenyl borate, 
potassium phenyl borate, lithium phenyl borate, sodium 
benzoate. potassium benzoate. lithium benzoale, diso- 
dium hydrogen phosphate, dipotassium hydrogen phos- 
phate, dilithium hydrogen phosphate, disodrum salts, di- 
potassium salts and dilithium salts of bisphenol A, and 
sodium salts, potassium salts and lithium salts of phe- 
nol. 

[0031] The alkali earth metal compound used as a 
catalyst is a hydroxide, acetate, nitrate, nitrite, sulfite, 
cyanate. thiocyanate, stearate, benzoate, hydrogen- 
phosphate, bisphenol salt or phenol salt of an alkali 
earth metal. 

[0032] Illustrative examples of the alkali earth metal 
compound include barium hydroxide, calcium hydrox- 
ide, strontium hydroxide, magnesium hydroxide, barium 
acetate, calcium acetate, strontium acetate, magnesi- 
um acetate, barium nitrate, calcium nitrate, strontium ni- 
trate, magnesium nitrate, calcium salts, barium salts, 
strontium salts and magnesium salts of bisphenol A, cal- 
cium salts, barium salts, strontium salts and magnesium 
salts of phenol, and the like. 

[0033] The alkali metal compound or alkali earth met- 
al compound as a catalyst is preferably used in such a 
proportion that the amount of an elemental alkali metal 
or alkali earth metal contained in the catalyst should be 
1 X 10-6 to 5 X 10-5 equivalent, preferably 5 x 10*'' to 1 x ■ 
10-5 equivalent based on 1 mol of the aromatic diol com- 
pound. 

[0034] Illustrative examples of the nitrogen -contain- 
ing basic compound as a catalyst include ammonium 
hydroxides having an alkyi, aryl or alkylaryl group such 
as tetramethyl ammonium hydroxide (Me4NOH). tetra- 
ethyl ammonium hydroxide (Et4NOH). tetrabutyl ammo- 
nium hydroxide (BU4NOH), benzyltrimethyl ammonium 
hydroxide (0-CH2(Me)3fMOH) and hexadecyltrimethyl 
ammonium hydroxide; tertiary amines such as triethyl- 
amine, tributylamine, dimethylbenzylamine and hexa- 
decyldimelhylamine; and basic salts such as tetrame- 
thyl ammonium borohydride (Me4NBH4), tetrabutyl am- 
rrionium borohydride (BU4NBH4). tetrabutyl ammonium 
tetraphenyl borate (Me4NBPh4) and tetrabutyl ammoni- 
um tetraphenyl borate (Bu4NBPh4). 
[0035] The above nitrogen -containing basic com- 
pound is preferably used in such a proportion that the 
amount of ammonium nitrogen atoms contained in the 
nitrogen-containing basic compound should be 1 x 10*5 
to 5 x 10-4 equivalent, more preferably 2 x 10-5 lo 5 x 
10-4 equivalent, particularly preferably 5 x lO'^ to 5 x 
1 0-4 equivalent based on 1 mol of the aromatic diol com- 
pound. 

[0036] In the present invention, (a) an alkali metal salt 
of a complex of the group 14 element of the periodic 
table or (b) an alkali metal salt of an oxoacid of the group 
14 element of the periodic table as disclosed by JP-A 
7-268091 (the term "JP-A" as used herein means an 
"unexamined published Japanese patent application") 
may be used as the alkali metal compound catalyst as 



desired. The group 14 element of the periodic table is 
silicon, germanium or lln. 

[0037] The polycondensation reaction can be quickly 
and fully promoted by using the alkali metal salt ol the 
5 above mentioned complex of the group 14 element as 
a polycondensation reaction catalyst. Further, an unde- 
sired side-reaction such as a branching reaction gener- 
ated during the polycondensation reaction can be sup- 
pressed to a low level by using the above catalyst. 
^0 [0038] The above polycondensation reaction catalyst 
is preferably used in such a proportion that the amount 
of an elemental alkali rnetal contained in the catalyst 
should be 1 x 1 Q S to 5 x 1 0'^ equivalent, nDore preferably 
5 X 10-7 to 1 X 10-^ equivalent based on 1 mol of the 
?5 aromatic diol compound. 

[0039] At least one co-catalyst selected from the 
group consisting of oxoacids of the group 14 elements 
of the periodic table and oxides of the elements may be 
used in conjunction with the above catalyst as required 
20 in the polycondensation reaction of Ihe present inven- 
tion. 

[0040] A branching reaction which is readily initiated 
during the polycondensation reaction, the formation of 
foreign matter in an apparatus during molding and an 
25 undosircd sidc-rcaction such as a color difference can 
be effectively suppressed without impeding the capping 
reaction of a terminal and decreasing a polycondensa- 
tion reaction speed by using the above co-catalyst in a 
specific proportion. 
30 [0041] The co-catalyst is preferably existent in such a 
proportion that the amount of the group 14 metal ele- 
ment of the periodic table contained in the co-catalyst 
should be 0.1 to 30 mols based on 1 mol (atoms) of the 
elemental alkali nietal contained in the polycondensa- 
3S tion reaction catalyst. 

[0042] The above catalytic system has such an ad- 
vantage that a polycondensation reaction and a terminal 
capping reaction can be quickly and fully promoted by 
using these catalysts for the polycondensation reaction. 
40 It can also suppress an undesired side-reaction such as 
a branching reaction in the polycondensation reaction 
system to a low level. 

[0043] The temperature and the pressure for carrying 
out an ester exchange reaction between an aromatic di- 
45 ol compound and a carbonic acid diester compound are 
not particularly limited in the present Invention. Any tem- 
perature and any pressure are acceptable if the reaction 
starts and a monohydroxy compound formed by the re- 
action is swiftly removed from the reaction system. How- 
50 ever, it is the most common that, after the reaction is 
started at a temperature of 1 50 to 200*0 and a pressure 
of 40,000 x 10-6 to 13.333 x 10-6 Mpg, the reaction tem- 
perature is elevated and the reaction pressure is re- 
duced as the molecular weight of a polycarbonate grows 
55 along with the proceeding of the reaction and the reac- 
tion is carried out finally at a temperature of 270 to 350'*C 
and a pressure of 133 x IQ-^ MPa or less. More specif- 
ically, it is preferred to carry out the reaction at a tem- 
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perature of 150 to 220*0 and a pressure ol 40.000 x 
10-6 to 13.333 X 10*^ MPa when the viscosity average 
molecular weight (Mv) of a polycarbonate is 1.000 to 
2.000. at a temperature of 180 to240°C and a pressure 
of 20.000 X 10-^ to 2.000 x lO'^ MPa when Mv is 2.000 
to 4.000. at a temperature of 200 to 250^*0 and a pres- 
sure of 13,333 X 10-^ to 1,333 x lO'^ MPa when Mv is 
4.000 to 6,000, al a temperature of 220 to 280°C and a 
pressure ol 4,000 x 10*^ to 1 33 x 10"^ MPa when Mv is 
6.000 to 10.000, and at a temperature of 250 to 300°C 
and a pressure of 133 x 10'^ MPa or less when Mv is 
more than 1 0.000. The unit of pressure used is absolute 
pressure throughout the specification unless otherwise 
stated. 

[0044] A stabilizer may be added to the polycarbonate 
obtained in the present invention. Known stabilizers are 
effectively used as the stabilizer used in the present in- 
vention. Out of these, ammonium salts and phosphoni- 
um salts of sulfonic acid are preferred, and the above 
salts of dodecylbenzenesulionic acid such as lelrabulyl- 
phosphonium dodecylbenzenesulfonate and the above 
salts of paratoluenesulfonic acids such as tetrabutyl am- 
monium paratoluenesulfonate are particularly pre- 
ferred Preferred sulfonic acid esters include methyl 
bcnzcncsulfonato, ethyl bcnzcnosulfonatc. butyl bcn- 
zenesulfonate, octyl benzenesulfonate, phenyl benze- 
nesulfonate. methyl paratoluenesulfonate, ethyl para- 
toluenesulfonate, butyl paratoluenesulfonate, octyl 
paratoluenesulfonate, phenyl paratoluenesulfonate and 
the like Out of these, tetrabutyl phosphonium dodecyl- 
benzenesulfonate is the most preferred. 
[0045] The amount of the stabilizer is 0.5 to 50 mols. 
preferably 0.5 to 10 mols, more preferably 0.8 to 5 mols 
based on 1 mol of the polymerization catalyst selected 
from alkali metal compounds and/or alkali earth metal 
compounds. 

[0046] Equipment for carrying out the present inven- 
tion is not particularly limited and the present invention 
may be carried out in a batch or continuous system. 
When the batch system is used, two reactors are gen- 
erally connected in series, an agitator equipped with a 
distillator is used for the first reactor, and an agitator 
without distillator is used for the second reactor to carry 
out a reaction under different conditions. In this case, it 
is preferred that both reactors be connected by a pipe 
equipped with a valve, the reaction mixture of the first 
reactor be transferred to the second reactor without be- 
ing exposed to the outside air. and a reaction be carried 
out to a desired degree of polymerization in the second 
reactor. 

[0047] When the continuous system is used, two or 
more reactors are generally connected in series, adja- 
cent reactors are connected by a pipe equipped with a 
valve, equipment comprising a pump for transferring a 
reaction mixture as required is used to supply raw ma- 
terials and a catalyst to the first reactor continuously 
while the reactors are maintained under different condi- 
tions, and a polycarbonate having a desired degree of 



polymerization is discharged continuously from the final 
reactor. 

[0048] The above equipment must have a function to 
stop or branch a flow of the reaction mixture and valves 
5 installed in vessels and pipes lor this purpose play an 
important role. 

[0049] Gear pumps, flanges and flow passages for 
transferring or discharging the reaction mixture must 
have an important function to obtain a high-quality poly- 

10 carbonate 

[0050] According to studies conducted by the present 
inventors, it has been found that the polycarbonate is 
colored, is changed or is varried a deteriorated product 
called "three-dimensionally crosslinked gel" when it re- 

?5 ceives long-time heat history though the influence of ox- 
ygen is completely eliminated, unlike other polyconden- 
sation polymers such as polyethylene terephthalate. 
This reduces the quality of the obtained polycarbonate 
and causes a serious problem in optical application. 

20 [0051] To solve this problem, it is important to elimi- 
nate a residence portion of the reaction mixture in the 
equipment. Various studies have been made to elimi- 
nate the residence portion in the reactor and various 
proposals have been made. However, the quality of a 

25 polycarbonate obtained by melt polymerization is still 
unsatisfactory in fact. 

[0052] The expression "residence portion of the reac- 
tion mixture" as used herein means a portion of the re- 
action mixture which deteriorates the quality of a poly- 

30 carbonate product because a deteriorated product 
formed at a site where the continuous replacement of 
the reaction mixture hardly occurs is contained in the 
reaction mixture. The expression "residence portion" 
means "residence portion of the reaction mixture" 

35 throughout the specification. 

[0053] As described above, in the present invention, 
when a polycarbonate is produced by an industrial proc- 
ess, it is an object of the present invention to improve 
and change each of (1) valves. (2) pumps. (3) flanges 

40 and (4) flow passages (they may be referred to as "trans- 
fer members") for the transfer of a reaction mixture. The 
problems of each of the transfer members of the prior 
art and the improvements of the transfer members made 
by the present invention will be described in detail here- 

45 inafter. 

(1) valve; 

[0054] In the production of a polycarbonate through a 
so melt polycondensation reaction, a ball valve, plug valve 
or T-shaped globe valve has been used to stop a flow 
of a reaction mixture in a straight portion of a pipe. 
[0055] However, the significance of the influence of 
the valve upon the quality of a polycarbonate product 
55 has not been realized in the prior art aind these valves 
have been selected from the viewpoints of a pressure 
loss generated in the pipe, pressure durability, vacuum 
resistance and the economy of equipment investment. 
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[0056] The present inventors have found in the course 
of studies on the improvement of the quality of a poly- 
carbonate product produced by an ester exchange 
method that the structure of a valve has a great influence 
upon the quality of a polycarbonate product and have 
conducted intensive studies on the structures of various 
valves. 

[0057] It seems that the reason why this problem has 
not been realized in the production of a polycarbonate 
by an interfacial method is that temperature, pressure 
and other conditions are much milder than those of the 
ester exchange method. 

[0058] The problems of the valve of the prior art which 
have been found in the course of studies are as follows. 



(1) example of ball valve (see Fig. 3) 

[0059] In Fig. 3, a ball valve has such a structure that, 
a passing fluid can flow when the inner space 2 of a ball 

1 is opened in a flow direction "a" of the fluid as shown 
in Fig. 3 and its flow is stopped when the inner space 2 
is not opened in the flow direction "a" of the fluid. 
[0060] It has been found that, in the valve having the 
above structure, when a flow of a reaction mixture is 
stopped, the reaction mixture existent in the inner space 

2 of the ball is cooped up in the inner space 2 and the 
cooped and retained reaction mixture is apt to deterio- 
rate and pollute the quality of a polycarbonate product 
intermittently by opening the ball valve. It has also been 
found that as a clearance 4 for moving the valve is in- 
terposed between the ball 1 and a portion 3 opposite to 
the ball 1 of the valve body, the reaction mixture enters 
this clearance, resides in the clearance and deterio- 
rates, making the movement of the valve difficult and 
generating highly deteriorated foreign matter losing 
flowability (gel) with the result that a non-negligible qual- 
ity problem arises in the polycarbonate product. The 
clearance 4 above and below the ball is shown in Fig. 3 
but it also exists around side portions of the ball 1 . Since 
the ball 1 slides over a sheet packing 5 while it contacts 
it during the operation of the vaWe, the surface of the 
seat packing 5 is apt to be chipped and generate pow- 
ders. Particularly when a heat durability carbon packing 
is used as the seat packing 5, generated powders have 
a significant bad influence upon the quality of a product. 

(2) example of plug valve (see Fig. 4) 

[0061] This valve has such a structure as shown in 
Fig. 4 and is superior to a bail valve because it does not 
generate packing powders as it is not sealed with a seat 
packing unlike the above ball valve, its maintenance is 
easy as it does not use a scat packing having a shorter 
service life than the valve body and there is no residence 
portion as there is no clearance between a plug 11 and 
a valve body 13. However, like the ball valve, as shown 
in Fig. 4, when the flow of the reaction mixture is 
stopped, the reaction mixture is cooped in the inner 



space 12 of the plug 11 and the cooped and retained 
reaction mixture is liable to deteriorate Further, to move 
the valve, the plug 11 must be turned after the plug is 
lifted to form a clearance (the plug itself is moved in a 
5 direction of the handle of the valve, that is, direction "b" 
in Fig. 4) because metal-lo-metal sealing is effected for 
a gap between the valve body 13 and the plug 11. By 
this operation, a space 14 which the reaction mixture 
enters is formed around the side surface of the plug and 
TO the reaction mixture residing in this portion is apt to de- 
teriorate. Further. It is difficult to maintain a vacuum at- 
mosphere in the valve when the valve is moved, the re- 
action mixture is liable to contact air outside the valve 
and deteriorate by oxidation, and the automation of the 
'5 operation of lifting this plug is difficult. 

[0062] The present inventors have conducted studies 
on the structure and characteristic propenies ot a valve 
for improving the above problems of the prior art and 
efficiently obtaining a polymer which rarely produces a 
20 deteriorated product and has excellent quality in an in- 
dustrial process for producing a polycarbonate As a re- 
sult, they have found that a high-quality polycarbonate 
which rarely produces the deteriorated product of the 
polymer can be obtained by using the following valve. 
25 (0063] That is, according to the present invention, 
there is provided a process for producing a polycar- 
bonate resin through the melt polycondensation of an 
aromatic diol compound and a carbonic acid diester 
compound, wherein (1) valves having the following 
30 structure iand performance are used in the production 
process. 

( 1 ) valve; Y-shaped globe valve which has substantially 
no leakage under a vacuum pressure of 40,000 x 10"^ 
MPa or less, and whose liquid contact portion is made 
3S from a material having corrosion resistance against a 
monohydroxy compound formed by a reaction between 
the aromatic diot compound and the carbonic acid di- 
ester compound. 

[0064] A detailed description is subsequently given of 

40 the above valve. 

[0065] In the valve of the present invention, the ex- 
pression "substantially no leakage under a vacuum 
pressure of 40.000 x IQ-e |\/iPa or less" means that the 
leakage of gas from the outside of the valve is 1 20 x 1 0*^ 

45 MPa-l/h or less based on 1 liter of the inner capacity of 
the valve when the ultimate vacuum degree of the valve 
Is 13.3X lO-^rviPa. 

[0066] With this method for measuring the leakage of 
gas, the measurement may not be easy because the 
so inner capacity of the valve is too small. In this case, 
when a helium leak test is carried out at 0.133 x IQ-^ 
IVIPa. 3x10-5 ACC/S or less can be used instead. The 
measurement method is as follows. 

ss a. gas leakage measurement method 

[0067] The measurement of the leakage of gas is car- 
ried out by sucking gas inside the value by a vacuum 
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pump to reduce the pressure insidb the value to 1 3.3 x 
10"^ MPa. stopping suction and confirming after one 
hour that the pressure inside the value is lower than a 
predetermined pressure. When the capacity of the value 
is 1 litter, for example, the value stands the test the pres- 
sure inside the value is lower than 133 x 10-^ MPa one 
hour after the suction of the vacuum pump is stopped. 

b. helium leak test 

[0068] Gas inside the value is sucked by a vacuum 
pump to reduce the pressure inside the value to 0.133 
X 10'^ MPa or less, a helium leak detector is connected 
to the value and the vacuum pump, the value is covered 
with a bag while suction by the vacuum pump is contin- 
ued, helium is blown into the inside of bag from the out- 
side, and the leakage of helium into the inside of the 
value is measured by the helium leak detector. If the 
leakage of the delected helium Is 3 x 1 0'^ ACC/S or less, 
the value stands lest. The DLMS-TP3E of Nippon 
Shinku Gijutsu Co., Ltd. may be used as the helium leak 
detector. 

[0069] ACC/S means atm-cc/sec which indicates a 
volume at 1 atm. and normal temperature as the leakage 
of helium per unit sec. 

[0070] Thus, the valve is desired to have no leakage 
because it is the outside air. especially oxygen entering 
the reactor that deteriorates the reaction mixture and 
has a significant bad influence upon the quality of a poly- 
carbonate product. Since the valve has a relatively com- 
plex structure that it has a movable portion . such air eas- 
ily enters the valve. 

[0071] Since the reaction mixture is oxidized as soon 
as it is exposed to oxygen, it is colored or deteriorated, 
thereby greatly reducing the quality of the polycar- 
bonate. Therefore, it is important to prevent the reaction 
mixture from being exposed to oxygen contained in the 
air and it is desired to improve airtightness and place 
the gland portion of the valve in 98 vol% or more of ni- 
trogen atmosphere. 

[0072] In the valve of the present invention, the ex- 
pression "liquid contact portion is made from a material 
having corrosion resistance against a monohydroxy 
compound formed by a reaction between the aromatic 
diol compound and the carbonic acid diesler compound" 
means that any material is acceptable as the material 
of the liquid contact portion if it does not impair the func- 
tion of the valve and does not substantially dissolve into 
the product during the use of the valve. A seat portion 
of the valve is preferably made from stellite such as ST- 
ELUTE FACE#6 and the valve body is preferably made 
from stainless steel such as SUS304. SUS304L, 
SUS316, SUS316L. SUS630. SCS13, SCS14. SCS16 
or SCSI 9, specified by JIS. 

[0073] Any material is acceptable as the material of 
the gland packing if it has required sealing properties. 
For example, a coil packing prepared by knitting asbes- 
tos, carbon fibers, polytetrafluoroethylene (PTFE) fib- 



ers, aramide fibers or expanded graphite yarn into a pre- 
determined shape with a rectangular cross section or 
the like and impregnating with PTFE. graphite or lubri- 
cating oil and/or a packing molded into a ring form with 
5 a V-shaped cross section are/is preferably used. 

[0074] Any material is acceptable as the material of a 
gasket if it has required sealing properties during the 
use of the valve. A spiral wound gasket prepared by 
placing a filler such as asbestos, inorganic paper, ex- 
10 panded graphite or PTFE upon a metal hoop having a 
V-shaped cross section and spirally winding the lami- 
nate under tension is preferably used. 
[0075] In the present invention, the Y-shaped globe 
valve is such as shown in Fig. 6 thai a pipe and the stem 
15 of the valve are arranged into the form of letter Y. When 
the valve is opened, the stem can move not to disturb a 
flow of a reaction mixture in the pipe as much as possi- 
ble. 

[0076] The present inventors have paid attention to a 
globe valve as a valve which has a favorable influence 
upon the quality of a polycarbonate product. 
[0077] However, in a T-shaped globe valve of the prior 
art whose stem is moved in a direction perpendicular to 
a flow passage at the reaction mixture inlet port and out- 
lot port of the valve, the problem of the reaction mixture 
residing in the above ball valve and plug valve and a 
residence portion in the clearance is slightly improved. 
Since the T-shaped globe valve has such a structure as 
shown in Fig. 5. it has a disk 32 having a larger diameter 
than that of a stem 31 at the end of the stem, a large 
residence space 33 is formed behind the disk 32. the 
reaction mixture in this residence space 33 becomes a 
residence portion which rarely receives the influence of 
a flow of a fluid (an upper portion of the residence space 
33 of Fig. 5) unlike the ball valve and the plug valve, the 
cross section of the flow passage in the valve is greatly 
changed by the existence of a seat 34 which receives 
the disk 32. and the flow of the fluid greatly changes its 
direction as shown by an arrow "c". Therefore, it has 
been found that the T-shaped globe valve has such a 
problem that the flow is disturbed, thereby producing a 
great pressure loss, and that this problem becomes 
more serious as the viscosity of the fluid increases. 
[0078] In contrast to this, in the Y-shaped globe valve 
shown In Fig. 6. a disk 42 is provided at the end of a 
stem 41 which is arranged at an angle to a flow direction 
of a reaction mixture, a flow of the passing fluid shown 
by an arrow "d" is slopped by contact between the disk 
42 and a seat 43 provided in a fluid passing portion, the 
stem 41 and the disk 42 are moved in the direction of a 
handle 44 by turning the handle 4 in a certain direction, 
the flow of the passing fluid shown by the arrow "d" is 
resumed, the volume of a space 45 behind the disk 42 
is reduced by the moving stem 41 and disk 42 at this 
point, the disturbance of the flow of the reaction mixture 
is smaller than that of an ordinary T-shaped globe valve, 
and a pressure loss is small when the fluid passes 
through this portion, whereby the retained reaction mix- 
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ture has small chances of going into the flow of the re- 
action mixture incidentally and the residence portion 
(portion corresponding to the space 33 in Fig. 5) shown 
by the space 45 formed behind the disk is small. There- 
fore, it has been found thai this Y-shaped globe valve is 
suitable as a valve for stopping the polycarbonate. 
[0079] When the valve has substantially no leakage 
under a vacuum pressure of 40,000 x 10"^ MPa or less 
and its liquid contact portion is made from a material 
having corrosion resistance against a monohydroxy 
compound formed by a reaction between the aromatic 
did compound and the carbonic acid diester compound, 
it has been verified that the valve can stand long-time 
use of 1 year or more and produce good results in the 
maintenance of the quality of a polycarbonate product 
as a device for producing a polycarbonate. 
[0080] However, even in this Y-shaped globe valve, it 
has been revealed that, when the valve is fully opened, 
a non-negligible residence portion remains behind the 
disk (space 45 in Fig. 6) and the effect of reducing a 
residence portion may be unsatisfactory for the quality 
of a product according to the use conditions of the valve 
such as temperature, flow rate and viscosity as a device 
for producing a polycarbonate. Especially in a larger 
valve, this residence portion causes greater bad influ- 
ence upon the quality of a product. 
[0081] The residence portion formed in these valves 
causes the deterioration of a polycarbonate such as col- 
oration, crosslinking or gelation and may exert a non- 
negligible influence upon product quality. This is an es- 
pecially serious problem to be solved for a polycar- 
bonate which is liable to reside and deteriorate in the 
residence portion. 

[0082] The present inventors have tackled with the 
further improvement of the Y-shaped globe valve 
through studies on these valves and have found that a 
Y-shaped globe valve having the following features can 
solve the above problems completely. 
[0083] A preferred example of the valve of the present 
Invention is shown in Fig. 7. The example shown in Fig. 
7 is mere an embodiment of the present invention, and 
it should be understood that the present invention is not 
limited by this figure. 

[0084] In Fig. 7, reference numeral 51 denotes a valve 
body. This valve body 51 is covered with a heating me- 
dium jacket 52 therearound. A reaction mixture inlet port 
54 is provided at one end of the tubular portion 53 of the 
valve body 51 and a reaction mixture oullel port 55 is 
provided at the other end. A stem 56 is provided in a 
center portion of the valve body 51 and can be slid ver- 
tically by operating a handle 58 while it is sealed with a 
gland packing 57. A flow of a fluid is cut off when an end 
portion of the stem 56 contacts a seat 60. Closing the 
valve indicates this state and is shown by a solid line in 
Fig. 7. (Meanwhile, fully opening the valve indicates the 
opposite state and is shown by a broken line in Fig. 7. 
The valve is fully opened to flow a reaction mixture. 
[0085] The valve body 51 is made from the above cor- 



rosion-resistant material and the stem 56 is also made 
from the same material. Since they are made from the 
same material, even if the temperatures ol the valve 
body 51 and the stem 56 rise, the clearance between 
5 them is maintained at a fixed value, rarely becomes larg- 
er than a designed value or suppresses contact be- 
tween them because the coefficient of thermal expan- 
sion ol the valve body 51 and the stem 56 are the same. 
This is preferred from the view point of reducing the res- 
10 idence portion. The seat 60 is made from the above 
sealingmaterial such as STELLITE FACE#6 to prevent 
the seizure of the valve body 51 and the stem 56 and to 
enable sealing properties to be retained for a long time. 
[0086] Reactors are connected by a pipe and the 
'5 valve is generally installed in the pipe. In Fig. 7. the re- 
action mixture inlet port 54 and the reaction mixture out- 
let port 55 are butt welded (butt welded joint) to the pipe. 
[0087] In Fig. 7. reference notation 54 denotes the re- 
action mixture inlet port and 55 the reaction mixture out- 
20 let port. It merely means thai Ihis arrangemeni is very 
common, and the reaction mixture inlet port and the re- 
action mixture oullel port may be installed in opposite 
directions according to the actual installation space. 
[0088] The reaction mixture is supplied continuously 
2^ from the reaction mixture inlet port 54 by the valve thus 
constituted. When the valve is opened, the reaction mix- 
ture is discharged to the outside of the system from the 
reaction mixture outlet port 55.. When the valve is closed, 
the reaction mixture is shut off and does not flow to the 
30 reaction mixture outlet port 55. 

[0089] The above Y-shaped globe valve according to 
the present invention has such a great improvement that 
a residence portion behind the disk is eliminated to re- 
. move a space behind the disk because it has no disk at 
3S the end of the stem and a portion into which the stem is 
inserted of the valve body and the stem have substan- 
tially the same thickness. 

[0090] The. expression "have substantially the same 
thickness" means that the thickness of the stem is small- 
40 er than that of the portion into which the stem is inserted 
of the valve body by a clearance required for the stem 
to slide in the valve body The difference between the 
outer diameter of the stem and the inner diameter of the 
portion into which the stem is inserted of the valve body 
45 Is preferably set to 2 mm or less. The difference is more 
preferably 1 mm or less, much more preferably 0.5 mm 
or less. 

[0091] The cross seclion of the portion into which the 

stem is inserted of the valve body is desirably ±15 % of 
50 the cross section of a portion through which the reaction 
mixture flows of the tubular portion to suppress the tur- 
bulent flow of the reaction mixture. It is more desirably 
the same as the inner diameter of the tubular portion. 
[0092] In Fig. 8, a spacer 62 having a smooth curved " 
55 surface so as not to disturb the flow line of the running 
reaction mixture is provided at the end of the slem 56. 
[0093] An endof the spacer 62 is smoothly connected 
to a portion 59 on a downstream side of the spacer 62. 
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which is the inner surface of an upper portion of a tubular 
portion 53, when the valve is fully opened and the fluid 
flows in a direclion "e" of Fig. 8. That is. the end of the 
spacer 62 which is the end portion of the stem of the Y- 
shaped globe valve and the inner surface of the upper 
portion of the tubular portion of the valve have a curved 
surface so that they can form a smooth curved surface 
when the valve is opened. The curved surface is shown 
by a broken line in Fig. 8. Other numerals in Fig. 8 signify 
the same elements as those of Fig. 5. 
[0094] In the present invention, for example, the spac- 
er 62 is provided at the end portion o! the stem 56 to 
form a smooth curved surface not to disturb the flow of 
the reaction mixture. The formation of this smooth 
curved surface reduces the residence portion without 
disturbing the flow of the fluid as much as possible and 
can prevent the deteriorated polymer which caused in 
the residence portion which still exists in the present in- 
vention from flowing into the flow of the fluid by the tur- 
bulent flow of the fluid. 

[0095] The Y-shaped globe valve shown in Fig 7 does 
not have a structure that provides a smooth curved sur- 
face so as not to disturb the flow of the reaction mixture 
when it is fully opened. Therefore, the present invention 
shown in Fig. 8 has boon accomplished based on the 
discovery of "a new fact that this structure is one of the 
causes of deteriorating the quality of a polycarbonate 
product. 

[0096] The expression "formation of this smooth 
curved surface" as used herein means the formation of. 
a substantially smooth cun/ed surface. For example, in 
Fig. 8, the diameter of the spacer 62 is made a little 
smaller than the diameter of the stem 56 to realize per- 
fect contact between the stem 56 and the seat 60 when 
the valve is closed. Therefore, when the valve is closed. 
1 to 0.5 mm space 63 is formed between the spacer 62 
and the valve body 51 . "The formation of a gentle curved 
surface* in the present invention comprehends a case 
where the smooth curved surface becomes partly dis- 
continuous by the space 63. 

[0097] Further, a clearance is required between the 
stem and the valve body for the stem to slide in the struc- 
ture of the valve. It has been found that the provision of 
an O ring (denoted by notation 61 in Fig. 7 and Fig. 8) 
having excellent heat durability and corrosion resist- 
ance in this portion is more effective so that the stem 
can slide substantially in contact with the inner surface 
of the O ring. This can effectively prevent a retained 
product of the fluid from flowing into the reaction mixture, 
which can take place in the clearance as well. A pre- 
ferred example of the O ring used for this purpose is an 
O ring made from a perfluoro elastomer (for example, 
Kalrcz of Du Pont Dow Elastomers.) 
[0098] Preferably, the Y-shaped globe valve of the 
present invention is uniformly heated by a heating me- 
dium jacket, electric heater or the like. In the case of a 
heating medium jacket, to integrate the heating medium 
jacket with the valve body as shown in Fig. 5 is more 



preferred than to cover the Y-shaped globe valve of the 
present invention with the heating medium jacket from 
the viewpoint of uniform heating. When the Y-shaped 
globe valve of the present invention is relatively large in 

5 size, it is preferred to provide a baffle plate in the heating 
medium jacket or to increase the number of the flow pas- 
sages of a heating medium so as to uniformly heat the 
Y-shaped globe valve of the present invention. 
[0099] In the valve of the present invention, the sur- 

10 face roughness of the inner portion of the liquid contact 
portion is preferably 10 pm or less. This surface rough- 
ness is 1 0 nm or less, preferably 3.3 ^m or less in terms 
of Rmax. For example, the liquid contact portion is fin- 
ished with a buff of #200 or more, has a gloss higher 

IS than that of a standard sample and is free from pin holes, 
circular tine streaks, scratches, level differences and 
dimples. More preferably, the liquid contact portion has 
a surface roughness of 1 .6 pm or less in terms of Rmax. 
That is. it is finished with a buff of #300 or more, or sub- 

20 jected to finishing such as honing, super finishing, lap- 
ping, liquid honing, chemical polishing or electrolytic pol- 
ishing. In the present invention. Rmax was measured in 
accordance with JIS B0601 -1 982. 
[0100] In the valve of the present invention, the term 

2S "heat durability" as used heroin means that the airtight- 
ness and pressure durability of the valve are higher than 
required air tightness and pressure durability during op- 
eration even when the strength of the material at a high 
temperature becomes lower than a value at normal tem- 

30 perature and any problem does not arise in its use even 
when the valve receives force such as the thermal ex- 
pansion of its material. 

[0101] When a polycarbonate is produced, the heat 
durability temperature of the equipment is preferably set 

35 to a range of 150 to 350'C according to its operation 
conditions. When the heat durability temperature is 
higher than 350°C, the material is limited, its processing 
becomes difficult, the obtained valve becomes expen- 
sive, a wide clearance must be formed between the 

40 parts of the valve to eliminate the influence of the ther- 
mal expansion of the material constituting the valve, and 
the residence and deterioration of the reaction mixture 
in this portion readily occur disadvantageously. 
[01 02] The inside of the valve of the present invention 

45 preferably fias a pressure durability of 0. 1 MPa or more. 
The expression "pressure durability of 0.1 MPa or more" 
means that the valve does not leak a liquid or gas to the 
outside of the valve or to a secondary side and does not 
cause any problem at all in its use whether it is opened 

so or closed, even when a predetermined pressure of 0.1 
MPa or more is applied to the inside of the valve, when 
a side which is shut off by the stem and to which pres- 
sure is applied when the valve is closed is called "pri- 
mary side" and a side to which pressure is not applied 

55 is called "secondary side". The pressure durability is 
generally in the range of 0.1 to 30 MPa. When the clear- 
ance near the sealing portion (surtace for separating the 
primary side from the secondary side) of the stem of the 
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valve must be made wide in design (difference of diam- 
eter is 2 mm or more) to prevent leakage (also called 
"inner leakage") from the above primary side to the sec- 
ondary side. the. pressure durability of the primary side 
against the secondary side may be made lower than 
pressure durability against the outside of the valve. 
[01 03] Means of connecting the Y-shaped globe valve 
of the present invention to the pipe or the like preferably 
has the same pressure durability, corrosion resistance 
and surface roughness for the liquid contact portion as 
those of the Y-shaped globe valve of the present inven- 
tion. The connections device may be a flange, welding, 
grayloc or the like. 

[0104] Power for opening and closing the Y-shaped 
globe valve of the present invention may be human pow- 
er, air pressure, electricity, hydraulic pressure or any 
other which can move the stem. When the stem is 
moved by power, it is'desired to Incorporate a fail-safe 
mechanism by which the process becomes safe even 
when abnormality such as a power failure or disconnec- 
tion occurs. 

[0105] The Y-shaped globe valve of the present in- 
vention is installed in the pipe of the polycarbonate pro- 
duction equipment, between a vessel and the pipe, or 
in a branch of tho pipe or the vessel. The Y-shapod globe 
valve may be used as a sampling valve for sampling the 
reaction mixture in the pipe by taking It out to the outside 
of the pipe, or in conjunction with a valve of another type. 
The Y-shaped globe valve is not limited to examples 
shown in Figs. 6. 7 and 8 but it is needless to say that 
it is what is generally used as a Y-shaped globe valve. 
For example, as shown in Fig. 9, there Is a Y-shaped 
globe valve at a location where the flow of the reaction 
mixture in a direction perpendicular to the plane of the 
sheet changes its direction to a downward direction and 
the liquid flows obliquely downward thereafter Numer- 
als in Fig. 9 denote the same elements as those of Fig. 
7 and Fig. 8. 

[0106] The material used for the Y-shaped globe 
valve of the present invention is preferably subjected to 
a heat treatment when the influence of residual stress 
upon the material at high temperatures is taken Into con- 
sideration. 

[0107] When the reaction mixture is not allowed to be 
leaked to the outside of the Y-shaped globe valve or 
when gas outside the Y-shaped globe valve Is not al- 
lowed to enter the inside of the valve, bellows are used 
to seal a gland portion of the valve. 
[0108] When the polycarbonate is not produced, a 
washing liquid, compressed air or vacuum air is supplied 
in place of the reaction mixture at the time of washing, 
start up* or shut down the production of the polycar- 
bonate, or inspecting the equipment. It has boon con- 
firmed that there is no problem with the function of the 
valve of.the present Invention in these cases. 
[0109] It is considered that in the present invention, 
corrosion resistance becomes a problem for the rea- 
sons of not only the bad influence of the dissolved ma- 



terial such as the prevention of a reaction or the color- 
ation of the polycarbonate but also the formation of a 
roughened surface probably by corrosion. 
[0110] In concrete terms, excellent effects are provid- 
5 ed when the material having corrosion resistance is 
stainless steel and the liquid contact portion is subjected 
to mechanical finishing such as buffing or to chemical 
finishing such as electrolytic polishing. 

10 (2) gear pump: 



[0111] The pump used in the production process of a 
polycarbonate Is used at high temperatures under high 
vacuum. Since the viscosity of the reaction mixture rises 
'5 to an extremely high level, generally 200 Pa S to 1 ,000 
Pa-S. which differs according to reaction conditions, 
along with the proceeding of the above reaction (reach- 
ing completion), when the reaction mixture is transferred 
by a pipe, the pressure of the pump must be raised in 
^0 accordance with resistance (pressure loss) generated 
in the pipe For this purpose, a gear pump has been gen- 
erally used in the prior art. 

[0112] However, as the gear pump of the prior art is 
made from tool steel having small coefficient of thermal 
25 expansion and excellent abrasion resistance, it is infe- 
rior in corrosion resistance against the raw materials of 
the reaction mixture, the material of the gear pump dis- 
solves, the coloration of the reaction mixture occurs, and 
the dissolved material hinder^s the activity of a catalyst 
30 and reduces the reaction rate. 

[0113] Since the reaction mixture as a product is used 
for the purpose of lubricating the gear, the reaction mix- 
ture which is exposed to high temperatures by heat gen- 
erated by the gear and high shear for a long time dete- 
35 riorates and returns into the product, thereby causing 
deterioration such as coloration, crosslinking or gela- 
tion. Thus, a non-negligible influence is exerted upon 
product quality. 

[0114] Further a residence portion is formed between 
40 a bushing which is the shaft end portion of the gear and 
the bearing of the gear and a cover plate (front plate and 
back plate). The additionally while section of the pipe at 
the inlet portion of the reaction mixture is generally cir- 
cular, an upper portion of the gear generally has a rec- 
45 tangular shape, consequently the sectional shape of the 
inlet portion of the reaction mixture must be sharply 
changed to connect these sections having different 
shapes. Therefore, the residence portion is formed due 
to the difficulty of machining. Since the sealing of a fixed 
so portion (not driven portion) is metal-to-metal sealing, a 
residence portion is formed when the gear pump is badly 
assembled. 

[0115] The present inventors have conducted studios 

on the structure and properties of a gear pump for im- 
55 proving the problem of the prior art and efficiently ob- 
taining a high-quality polymer which rarely produces a 
deteriorated product in the industrial production process 
of a polycarbonate. As a result, it has been found that a 
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high-quality polycarbonate which rarely produces a de- 
teriorated produci of a polymer can be obtained by using 

the following gear pump. 

[0116] That is. according to the present invention, 
there is provided a process for producing a polycar- 
bonate resin through the melt polycondensation of an 
aromatic diol compound and a carbonic acid diester 
compound, wherein (2) gear pumps having the following 
structure and performance are used in the production 
process. 

(2) gear pump; gear pump which has a heat durability 
of 1 50® C or more, substantially no leakage under a vac- 
uum pressure of 40,000 x 10*^ MPa. a pressure durabil- 
ity of 0. 1 (\/IPa or more and a delivery pressure of 1 fVlPa 
or more, whose liquid contact portion is made from a 
material having corrosion resistance against a monohy- 
droxy compound formed by a reaction between the ar- 
omatic diol compound and the carbonic acid diester 
compound, which can discharge a reaction mixture un- 
der a vacuum pressure of 40.000 x 10'^ MPa or less, 
and which has such a structure that the reaction mixture 
for lubricating contact portions among a gear, a shaft 
and other gear pump members is discharged to the out- 
side of the pump without returning into the pump. 
[01 1 7] A detailed description is subsequently given of 
the above gear pump (2). 

[0118] Equipment compnsing the gear pump of the 
present invention is not particularly limited and the 
present invention may be carried out in a batch or con- 
tinuous system. When the batch system is used, two po- 
lymerization reactors are generally connected in series, 
a agitator equipped with a distillator is used for the first 
reactor, and a agitator without distillator is used for the 
second reactor to carry out a reaction under different 
conditions. In this case, it is preferred that both reactors 
be connected by a pipe equipped with a valve, equip- 
ment comprising a gear pump for transferring a reaction 
mixture as required be used to transfer the reaction 
product of the first reactor to the second reactor without 
exposing the reaction mixture to the outside air. and a 
reaction be carried out to a desired degree of polymer- 
ization in the second reactor. 

[0119] When the continuous system is used, two or 

more reactors are generally connected in series, adja- 
cent reactors are connected by a pipe equipped with a 
valve, equipment comprising a gear pump for transfer- 
ring a reaction mixture as required is used to supply raw 
materials and a catalyst to the first reactor continuously 
while the reactors are maintained under different condi- 
tions, and a polycarbonate having a desired degree of 
polymerization is discharged continuously from the final 
reactor. 

[0120] In the above equipment, a gear pump is re- 
quired for the supply of the reaction mixture, and the 
gear pump installed in a vessel or pipe for this purpose 
plays an important role. 

[0121] As described above, the polycarbonate is 
colored or produces a deteriorated product called 



"three-dimensionally crosslinked gel" when it receives 
long-lime heat history Ihough the influence of oxygen is 
completely eliminated. This reduces the quality of the 
obtained polycarbonate and causes a serious problem 
5 in such application that requires high quality, for exam- 
ple, optical application. 

[0122] To solve this problem, it is important to elimi- 
nate a residence portion called "dead space" in the 
equipment. Viarious studies have been made to elimi- 
10 nate the dead space in the reactor and various propos- 
als have been made. However, the quality of a polycar- 
bonate obtained by melt polymerization is still unsatis- 
factory in fact. 

[0123] The present inventors have conducted inten- 
ds sive studies to solve this problem, have found that a gear 
pump to which importance was not attached before has 
a great influence upon the dead space of the whole 
equipment and have succeeded in greatly improving the 
quality of a polycarbonate obtained by melt polymeriza- 
20 lion by using a gear pump having a specific structure. 
[0124] In the present invention, a pump for transfer- 
ring the reaction mixture is such as shown in Fig. 10. 
[0125] In the gear pump of the present invention, the 
term "heat durability" as used herein means that the air- 
25 tightness and pressure durability of the gear pump at 
high temperatures are higher than required air tightness 
and pressure durability during operation and any prob- 
lem does not arise in its use even when the gear pump 
receives force such as the thermal expansion of its ma- 
30 terial. When a polycarbonate is produced, the heat re- 
sistance temperature of the equipment is preferably set 
to a range of 150 to 350"C according to its operation 
conditions. When the heat resistance temperature is 
higher than 350**C. the material is limited, its processing 
35 becomes difficult, the obtained gear pump becomes ex- 
pensive, a wide clearance must be formed between the 
parts of the gear pump to eliminate the influence of the 
thermal expansion of the material constituting the gear 
pump, and the residence and deterioration of the reac- 
40 tion mixture in this portion readily occur disadvanta- 
geously Since there is a case where a bolt for tightening 
the parts constituting the gear pump is loosened by ther- 
mal expansion, tightening force is preferably increased 
according to use temperature. 
45 [01 26] In the gear pump of the present invention, the 
expression "substantially no leakage under a vacuum 
pressure of 40.000 x 10"^ MPa or less" means that the 
leakage of gas from the outside of the gear pump is 1 20 
x 10"® MPa-l/h or less based on 1 liter of the inner ca- 
50 pacity when the ultimate vacuum degree of the gear 
pump is 1 3.3 X 10"^ MPa. With this method for measur- 
ing the leakage of gas, the measurement may not be 
easy because the inner capacity of the gear pump is too 
small. In this case, when a helium leak test is carried out 
55 at 0. 1 33 X 1 0*6 MPa, 3 x 1 0*5 ACC/S or less can be used 
instead. The measurement method is as follows. 
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a gas leakage measuremenl method 

[01 27] The measurement of the leakage of gas is car- 
ried out by sucking gas inside the gear pump by a vac- 
uum pump to reduce the pressure inside the gear pump 
to 1 3.3 X 1 0-6 MPa, slopping suction and confirming af- 
ter one hour that the pressure inside the gear pump is 
lower than a predetermined pressure. When the capac- 
ity of the gear pump is 1 liter, for example, the gear pump 
stands the test if the pressure inside the gear pump is 
lower than 133 x lO'^ MPa one hour after the suction of 
the vacuum pump is stopped. 

b. helium leak test 

[0128] Gas inside the gear pump is sucked by a vac- 
uum pump to reduce the pressure inside the gear pump 
to 0,133 X 10-6 or less, a helium leak detector is 
connected to the gear pump and the vacuum pump, the 
gear pump is covered with a bag while suction by the 
vacuum pump is continued, helium is blown into the in- 
side of the bag from the outside, and the leakage ol he- 
lium into the inside of the gear pump is measured by the 
helium leak detector. If the leakage of the detected he- 
lium is 3 X 10-5 ACC/S or loss, the gear pump stands 
the test. The DLMS-TP3E of Nippon Shinku Gijutsu Co.. 
Ltd. may be used as the helium leak detector. 
[0129] ACC/S means atm-cc/sec which indicates a 
volume at 1 atm. and normal temperature as the leakage 
of helium per unit sec. 

[0130] To prevent the gear pump from being exposed 
to oxygen in the air substantially, the outside of the gear 
pump is preferably placed in 98 vol% or more of an ni- 
trogen gas atmosphere. Stated more specifically, this is 
often carried out by blowing from the outside nitrogen 
gas into a portion where the interior portion and the ex- 
terior portion of the gear pump are separated from each 
other by a sealing portion, such as a drive shaft seal part 
and a joint between a front plate and a gear case. 
[01 31] In the gear pump of the present Invention, the 
expression "pressure durability of 0.1 MPa or more" 
means that the gear pump does not leak a fiquid or gas 
to the outside thereof and does not cause any problem 
at all in its use even when a predetermined pressure of 
0.1 f^Pa or more is applied to the inside of the gear 
pump. The pressure durability Is generally In the range 
of 0.1 to 30 MPa. 

[01 32] In the gear pump of the present invention, the 
expression "liquid contact portion is made from a mate- 
rial having corrosion resistance against a monohydroxy 
compound formed by a reaction between the aromatic 
did compound and the carbonic acid diester compound- 
means that any material is acceptable as the material 
of the liquid contact portion if it does not impair the func- 
tion of the gear pump and does not substantially dis- 
solve into the product during the use of the gear pump. 
The material is desirably stainless steel specified by JIS 
such as SUS304. SUS304L. SUS316. SUS316L. 



SUS630. SCS13, SCS14. SCS16, SCS19. SUS440C, 
SUS420J2 or SCS2, alloy tool steel specified by JIS 
such as SKS or SKD. high-speed tool steel such as 
SKH. nitride steel, plating such as Cr or Ni. stellite face 
5 finished or carbon steel lined by a hot isotactic press 
(HIP) method. Out of these, stainless steel is particularly 
preferred. The gear, shaft, bushing and body may be 
made from the same material or different materials but 
they are preferably made from the same material so as 
10 to maintain a clearance between parts formed by ther- 
mal expansion at a fixed value from the viewpoints of 
the stability of the flow rate of a liquid, high delivery pres- 
sure and a reduction in dead space. 
[0133] In the present invention, the material used for 
'5 the gear pump is preferably subjected to a heat treat- 
ment when the influence of residual stress at high tem- 
peratures is taken into consideration. 
[0134] Preferably, the gear pump of the present inven- 
tion is substantially pulseless. The expression "substan- 
20 Irally pulseless" means that a change in the flow rate ol 
the reaction mixture discharged by the gear pump is ±5 
% or less, preferably ±1 7oor less, more preferably ±0.5 
% or less of a planned predetermined flow rate. 
[0135] In the gear pump of the present invention the 
25 term "delivery pressure- moans the pressure of the re- 
action mixture discharged by the gear pump and this 
pressure is limited by the viscosity of the reaction mix- 
ture used. This is because, when the viscosity is low, 
the delivery pressure becomes high and the reaction 
30 mixture flows backward to the inlet side from the outlet 
side of the gear pump through a clearance between the 
gear and the gear, a clearance between the gear and 
the bushing and a clearance between the gear and the 
body (that is, a back flow). 
35 [0136] Generally speaking, when the viscosity is 0.01 
to 0.1 Pa-S. the delivery pressure is limited to about 1 
MPa, when the viscosity is 0.1 to 1 Pa-S, the delivery, 
pressure is limited to about 7 MPa and when the viscos- 
ity is more than 1 Pa S, the delivery pressure is limited 
40 to about 7 to 30 MPa. 

[01 37] In the gear pump of the present invention, the 
expression "can discharge the reaction mixture under a 
vacuum pressure of 40,000 x 10-^ MPa or less' means 
that the gear pump can transfer the reaction mixture 
45 pulseless at a predeterhiined flow rate and a predeter- 
mined delivery pressure even when the pressure at the 
inlet side of the gear pump is 40.000 x 1 0-^ MPa or less. 
Generally speaking, this is an important function in the 
production of a polycarbonate where a reaction is car- 
50 ried out under vacuum. 

[0138] In the gear pump of the present invention, the 
expression "liquid contact portion" means an inside por- 
tion contacting the reaction mixture of the gear pump. 
The portion includes not only a portion which directly 
55 contacts the fl.ow of the reaction mixture but also a por- 
tion which the reaction mixture used for lubrication con- 
tacts or the reaction mixture may enter. 
[0139] In the gear pump of the present invention, the 
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expression "the surface roughness of the liquid contact 
portion is 10 pnri or less" means that the surface rough- 
ness is 10 ^im or less in terms of Rmax. The surface 
roughness is preferably 3.3 pm or less in terms of Rmax. 
Specifying a finishing method, the liquid contact portion 
is finished with the same finishing method illustrated in 
the above item of (1 ) value. 

[0140] A groove is formed in the bushing of the gear 
pump of the present invention for the lubrication of the 
gear so that the reaction mixture on the outlet side is 
caused to flow between the gear and the bushing and 
between the shaft and the bushing for lubrication. Since 
the reaction mixture used for lubrication is deteriorated 
by the reception of high temperatures and high shearing 
force in many cases, it is important to discharge this re- 
action mixture to the outside as much as possible and 
not to return it into the flow of a product. 
[0141] II is preferred lo heal the gear pump uniformly 
with a heating medium jacket, electric heater or the like. 
In the case of a heating medium jacket, lo integrate the 
heating medium jacket with the gear pump is more pre- 
ferred than to cover the gear pump with the heating me- 
dium jacket from the viewpoint of uniform heating. When 
the gear pump is relatively large in size, it is preferred 
to provide a baffle plate in the heating medium jacket or 
to increase the number of the flow passages of a heating 
medium so as to uniformly heat the gear pump. When 
a flange is used to connect the gear pump, it is desired 
to provide a jacket for circulating the heating medium in 
the flange. 

[0142] Any means may be used to connect the gear 
pump of the present invention to the pipe or the like if it 
has the same pressure durability, corrosion resistance 
and surface roughness for the liquid contact portion as 
those of the gear pump. For example, it is a flange, weld- 
ing, grayloc or the like. 

[01 43] An electric motor is generally used to drive the 
gear pump of the present invention. A flexible joint is 
generally used to connect a drive source to the gear 
pump and desirably can absorb the eccentricity of a 
drive shaft caused by the thermal expansion of the gear 
pump or the like. 

[01 44] An upper limit of the current value of the motor 
or torque upper limit value is set to protect the gear pump 
when a metal piece bites the gear during the operation 
of the gear pump or when abnormal torque is applied to 
the gear by the deterioration or solidification of the re- 
action mixture in contact portions among the gear, the 
shaft and other gear pump members. When the current 
value of the motor reaches the upper limit, the motor is 
stopped, or a shear pin or torque limiter is used to dis- 
connect the drive source from the gear pump at a value 
larger than a predetermined torque value. 
[0145] The shaft seal of gear pump of the present in- 
vention is used to prevent the reaction mixture inside 
the gear pump excluding the reaction mixture used for 
lubrication from contacting the outside when the drive 
source for driving the gear and shaft is connected to the 



gear pump. Any shaft seal is acceptable if it has this 
function during operation, as exemplified by a mechan- 
ical seal, gland packing, sealing coupler, metal seat, ring 
seal, labyrinth seal, viscous seal and the like. The shaft 

5 seal can be used even when it does not contact the drive 
source. The connection style of the drive source to the 
gear pump is not limited to one. 
[0146] A scraping blade is preferably provided at a 
shaft end portion (end portion of the shaft) of the gear 

10 pump of the present invention to prevent the reaction 
mixture from residing in the shaft end portion. The scrap- 
ing blade may have any shape If it has a function to re- 
move the reaction mixture from the shaft end portion. 
The scraping blade is, for example, a scraper, propeller, 

IS screw or the like. Considering production ease and the 
work efficiency of washing or the like, a simple shape is 
preferred. 

[0147] To eliminate a gap between the bushing and 
the cover plate of the gear pump of the present inven- 

20 lion, the bushing is preferably fixed lo the cover plate 
(front plate or back plate). Fixing means is not particu- 
larly limited but may be a bolt, welding or the like. 
[01 48] The flow passage of the reaction mixture at the 
inlet port of the gear pump of the present invention, that 

25 is, the flow of the reaction mixture at an inlet port portion 
of the reaction mixture is preferably smooth to prevent 
the flow line of the reaction mixture from being disturbed. 
Particularly preferably, the restriction angle of the flow 
passage is 45° or less in terms of vertical angle. Prefer- 

30 ably, the flow passage of the reaction mixture has sub- 
stantially no level differences except for a required por- 
tion for supplying the fluid. The level difference of the 
required portion for supplying the fluid is the level differ- 
ence of gear teeth. The expression "has substantially 

35 no level differences" means that an end portion is cham- 
fered 2 mm or less, preferably 0.5 mm or less, more pref- 
erably 0.1 mm or less. 

[0149] In the gear pump of the present invention, the 
sealing of the fixed portion is the sealing of a gap be- 

40 tween parts excluding the shaft and the gear which are 
movable portions of the gear pump. For example, a gap 
between the front plate and the gear case, a gap be- 
tween the back plate and the gear case, a gap between 
the bushing and the coyer plate, and a gap between the 

45 pipe and the gear pump are sealed up. This sealing is 
metal-to-metal sealing which is effected by surface fin- 
ishing these parts and making them parallel to each oth- 
er or sealing with a liquid packing. In this case, the sur- 
face finish is preferably 25 \im or less, more preferably 

50 6.3 \im or less in terms of Rmax. Metal-to-metal sealing 
is generally used but other sealing such as sealing with 
a liquid packing may be used. 

[01 50] Particularly when the gear pump is used under 
vacuum, as only metal -to-melal sealing is insufficient in 
55 many cases, an hollow metal O ring is preferably used, 
[0151] However, it has been found that the hollow 
metal O ring has such an advantage that, when a hollow 
metal O ring is used as a seal, even if vacuum seating 
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and also melal-to-metal sealing are insufficient, the re- 
action mixture does not leak to the outside of the gear 
pump from the hollow metal O ring, thereby making it 
possible to minimize a dead space formed in a portion 
where the reaction mixture leaks, 
(0152] Therefore, in a case other than the case where 
the pressure inside the gear pump is lower than atmos- 
pheric pressure, use of the hollow metal O ring is desired 
from the viewpoint of minimizing the dead space. For 
this purpose, the hollow metal O ring is desirably placed 
near the liquid contact portion of the reaction mixture as 
much as possible. 

[0153] An example of the gear pump of the present 
invention will be described hereinafter with reference to 
Fig. 10 and Fig. 11. The example shown in Fig. 10 and 
Fig. 11 is mere an embodiment of the present invention, 
and it should be understood that the present invention 
is not limited by these figures. 

[0154] In Fig. 10 and Fig. 11, reference notation 102 
denotes a gear case. This gear case 102 is connected 
toan unshown drive unit which is located on a drive shaft 
seal 112 side of a driving shaft 106 and a follow shaft 
107 (the drive shaft seal side of the driving shaft 106 
and the follow shaft 107 is called "drive side" and the 
opposite side is called "counter-drive side" hereinafter). 
A front plate 101 is attached to the drive side of the gear 
case 112 and a back plate 103 is attached to the coun- 
ter>drive side of the gear case 112 to form a body to- 
gether with the gear case 102. 

[0155] This body is covered with a heating medium 

jacket 1 05 Iherearound. A reaction mixture inlet port 1 1 0 
is formed at one end of the gear case 1 02 and a reaction 
mixture outlet port 111 is formed at the other end of the 
gear case 102. 

[0156] The driving shaft 106 is installed in the gear 
case 1 02 supported by a bushing 1 04 and provided with 
a gear 108. The driving shaft 106 is connected to the 
unshown drive unit on the drive side, and the gear 108 
and the bushing 104 are sealed with the drive shaft seal 
112 and separated from the outside of the gear pump. 
[0157] A gear 109 is engaged with the gear 108 (see 
Fig. 11) and attached to the follow shaft 107 supported 
by the bushing 104 like the gear 108. 
[0158] By the rotation of the driving shaft 106 by the 
unshown drive unit, the gear 108 turns in a direction "a", 
the gear 109 engaged with the gear 108 turns in a di- 
rection "b". the reaction mixture from the reaction mix- 
ture inlel port 110 enters the valley portions of the gears 
108 and 109 and rotates together with the gears 108 
and 1 09 while it contacts the inner wall of the gear case 
102, is forced out of the valley portions of the gears 1 08 
and 109 when the gears 108 and 109 engage with each 
other on the reaction mixture outlet port 111 side and is 
supplied to the reaction mixture outlet port 111. 
[01 59] Metal-to-metal sealing is effected for a gap be- 
tween the front plate 101 and the gear case 102 and a 
gap between the back plate 103 and the gear case 102. 
When the Insides of the reaction mixture inlet port 110 



and the reaction mixture outlet port 111 become vacu- 
um, metal-to-metal sealing may be insufficient in pre- 
venting leakage to the outside of the gear pump. There- 
fore, an O ring 113 is used for sealing. The O ring 113 
5 serves as a seal for preventing the reaction mixture from 
leaking to the outside if metal-to-metal sealing should 
lose its effect owing to some trouble or the like. 
[0160] The bushing 104 has a lubricating groove 117 
which serves as the flow passage of the reaction mixture 
^0 as shown in Fig. 13 so that the reaction mixture itself 
functions as a lubricant for lubricating sliding surfaces 
119 between the bushing 104 and the gear 108 and be- 
tween the bushing 1 04 and the gear 1 09 and interfaces 
between the bushing 104 and the driving shaft 106 and 
15 between the bushing 104 and the follow shaft 1 07 and 
then is discharged to the outside of the gear pump 
through an exhaust groove 118. 
[0161] In Fig. 13, the reaction mixture for lubrication 
spreads to a lubricating reaction mixture inlet port 121 
^0 (shown by a slant line)., passes through the lubricating 
groove 117 and flows in a direction "c* shown by an ar- 
row. 

[0162] Out of the bushings 104, one installed by the 
drive shaft seal 112 and the front plate 101 has no ex- 
^5 haust groove 118 and the discharged reaction mixture 
moves in the direction of the drive shaft seal 112 along 
the driving shaft 106, passes through a gap between the 
drive shaft seal 112 and the driving shaft 106. and is 
discharged to the outside of the gear pump while it seals 
30 up the gap where a liquid film is formed 

[0163] The "contact portions among the gear the 
shaft and other gear pump members' denote portions 
shown by bold lines in Fig. 10. The word "contact" as 
used herein does not always mean direct contact but 
3S means that the reaction mixture generally lies in these 
portions as a lubricant. 

[0164] In the gear pump of the preseni invention, 
means of discharging the reaction mixture used for lu- 
brication to the outside of the system is not particularly 
^0 limited. The means may be an exhaust port formed in 
the front plate or the back plate. 
[0165] The bushing 104 Is fixed to the front plate 101 
and to the back plate 103 by a bushing fixing bolt 115 
as shown in Fig. 11 and Fig. 12 and sealed with an O 
45 ring 1 1 6 to prevent the reaction mixture inside from leak- 
ing to the outside of the gear pump or the outside air 
from entering the gear pump. • 

[0166] Since the bushing 104 is fixed tike this, the 
clearance between the bushing 104 and the gear 108 
50 and the clearance between the bushing 104 and the 
gear 109 are maintained at a fixed value, the stability of 
quantitative supply by the gear pump is improved and 
the self-cleaning properties of the sliding surfaces 119 
between the gear 108 and the bushing 104 and between 
55 the gear 109 and the bushing 104 are improved com- 
pared with a gear pump In which the bushing 104 Is not 
fixed like this. Therefore, this has a great effect In reduc- 
ing the dead space. 
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[0167] A scraper 114 having straight thin protrusions 
is provided at an end portion on the counter-drive side 
of the driving shall 116 and both end portions of the fol- 
low shaft 107 as shown in Fig. 10 so that the reaction 
mixture at the end portions of the shafts is stirred by the 
rotation of the shafts, is prevented from residing in these 
end portions and can be discharged to the outside 
smoothly. 

[0168] The front plate 101 . the gear case 102 and the 
back plate 103 are preferably made from stainless steel 
such as SUS420J2. and the driving shaft 106, the follow 
shaft 107 and the gears 108 and 109 are preferably 
made from the same material. 

[0169] An advantage obtained by making elements 
from the same material is that even when the tempera- 
ture of the gear pump is elevated to the operation tem- 
perature, a clearance between them is maintained at the 
same value as that at room temperature because they 
have the same coefficient of thermal expansion, thereby 
making it possible to maintain the clearance in the gear 
pump at a design value. This can prevent the formation 
of a dead space caused by an increase in the size of the 
clearance, an increase in the amount of generated heat 
due to a reduction in the size of the clearance and the 
gear pump from losing its function when it contacts an- 
other element. 

[01 70] Reactors are connected by a pipe and the gear 
pump is installed in the pipe. Not shown in Fig. 10. the 
reaction mixture inlet port 110 and the pipe are connect- 
ed by a flange and the reaction mixture outlet port 111 
and the pipe are also connected by a flange, and a metal 
O ring is used for sealing 

[0171] The metal O ring used is preferably surface 
plated to prevent seizure. It is plated with nickel or silver, 
for example. 

[0172] The flow passage of the reaction mixture at the 
reaction mixture inlet port 110 is restricted at an vertical 
angle of 20° and is used to supply the reaction mixture 
to the gear portion. That is. the restriction angle of the 
flow passage at the reaction mixture inlet port of the gear 
pump is 20°. 

[0173] The reason why the flow passage must be re- 
stricted is that the cross section of a connection pipe is 
generally circular and the cross section of the reaction 
mixture inlet port formed by the gear 108, the gear 109 
and the gear case 102 of the gear pump is rectangular 
This restriction angle is preferably as smooth as possi- 
ble to prevent the formation ol a dead space by disturb- 
ing the flow line of the reaction mixture. 
[01 74] The surface of the flow passage of the reaction 
mixture, that has a surface roughness of 1 .6 ^m or less 
in terms of Rmax to prevent the formation of a fine dead 
space on the surface of the liquid contact portion. 
[0175] In the gear pump constituted as described 
above, the reaction mixture is supplied continuously 
from the reaction mixture inlet port 110 and discharged 
quantitatively from the reaction mixture outlet port 111 
to the outside at a predetermined flow rate and pressure. 



[0176] When a polycarbonate resin is not produced, 
a washing liquid, compressed air or vacuum air is sup- 
plied in place of the reaction mixture at the time of wash- 
ing, start up or shut down the production of the polycar- 
s bonate. or inspecting the equipment. It has been con- 
firmed that there is no problem with the function of the 
gear pump in these cases like the reaction mixture. 

(3) flange; 

[0177] A portion for connecting a pipe with another 
pipe or a pipe with a vessel used in the production proc- 
ess of a polycarbonate is used at high temperatures un- 
der high vacuum, and the viscosity of the reaction mix- 
/5 ture rises to an extremely high level, generally 200 to 
10.000 Pa-S, which differs according to reaction condi- 
tions, along with the proceeding of the above reaction 
(reaching completion). To transfer the reaction mixture 
by a pipe, as the pressure in the pipe rises in accordance 
with resistance (pressure loss) generated in the pipe, a 
flange must stand a high pressure of 0 to 30 MPa. There- 
fore, the flange must have pressure durability, sealing 
durability and heat durability. 

[0178] The pipe must be connected or disconnected 
for maintenance at a construction site and there is a ten- 
dency toward an increase in the number of pipe joints 
for the reason of the limitations of tools or the like so as 
to finish the inner surface of the pipe to a predetermined 
surface roughness by polishing. 
[0179] For these purposes, a flange specified by JIS 
B2210-1840 has generally been used heretofore. 
[0180] Since a gasket is inserted between conven- 
tionally used flanges and tightened by a bolt and a nut 
to connect the flanges, the centers of the pipes are shift- 
ed from each other by the tolerance of the hole of the 
bolt, whereby a level difference is generated in the 
flange connection portion, or a gap is formed between 
the flanges by the gasket, thereby forming a dead 
space. 

[0181] The stability of temperature in the pipe is also 
an important problem for a polycarbonate product 
whose quality is easily influenced by temperature vari- 
ations. Although the pipe is generally heated by a heat- 
ing medium jacket or electric heater, a reduction in tem- 
perature easily occurs in the flange portion due to heat 
radiation because it has a large area, costs are boosted 
by heating, and heating is liable to become unsatisfac- 
tory. 

[0182] It is an object of the present invention to pro- 
vide a flange which improves the above problems of the 

prior art and is used in an industrial process for efficiently 
obtaining a high-quality polycarbonate which rarely pro- 
duces a doterioratod product. 

[01 83] According to studies conducted by the present 
inventors, it has been found that a polycarbonate which 
rarely produces a deteriorated product of a polymer and 
has high quality can be obtained by using a flange hav- 
ing the following structure and characteristic properties. 
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[0184] That is, according lo the present invention, 
there is provided a process for producing a polycar- 
bonate resin through the melt polycondensation of an 
aromatic diol compound and a carbonic acid diester 
compound, wherein flanges having the following struc- 
ture and performance are used in the production proc- 
ess. 

(3) flange; flange which has a heal durability of 150*^0 
or more, substantially no leakage under a vacuum pres- 
■sure of 40,000 x 10-^ MPa or less and a pressure dura- 
bility of 0.1 MPa or more, whose liquid contact portion 
is made from a material having corrosion resistance 
against a monohydroxy compound formed by a reaction 
between the aromatic diol compound and the carbonic 
acid diester compound, and which has a heating medi- 
um jacket therein. 

[0185] The flange (3) of the present invention will be 
described in detail hereinafter 

[0186] Equipment comprising the flange of the 
present invention is not parlicularly limited and the 
present invention may be carried out in a batch or con- 
tinuous system. When the batch system is used, two re- 
actors are generally connected in series, a stirrer 
equipped with a distillation column is used for the first 
reactor, and a stirrer without distillation column is used 
for the second reactor to carry out a reaction under dif- 
ferent conditions. In this case, it is preferred that both 
reactors be connected by a pipe, equipment comprising 
a pump for transferring the reaction mixture as required 
be used to transfer the reaction product of the first re- 
actor to the second reactor without exposing the reac- 
tion mixture to the outside air. and a reaction be carried 
out to a desired degree of polymerization in the second 
reactor. 

[0187] When the continuous system is used, two or 
more reactors are generally connected in series, adja- 
cent reactors are connected by a pipe, the equipment 
comprising a pump for transferring the reaction mixture 
as required is used to supply raw materials and a cata- 
lyst to the first reactor continuously while the reactors 
are maintained under different conditions, and a poly- 
carbonate having a desired degree of polymerization is 
extracted continuously from the final reactor. 
[0188] In the above production process, pipes must 
be connected to supply the reaction mixture, and flang- 
es installed in vessels and pipes for this purpose play 
an important role. 

[01 89] The present inventors have found that a flange 
which is a pipe joint has a great influence upon the dead 
space of the whole equipment, the stability of tempera- 
ture is an important factor for a polycarlx^nate whose 
product quality is easily influenced by temperature be- 
cause crystallization is caused by a drop in temperature 
or heat deterioration is caused by a rise in temperature, 
and the flange portion easily experiences a drop in tem- 
perature by heat radiation due to its large surface area 
and has a great influence upon the stability of the tem- 
perature of the reaction mixture. The present inventors 



have succeeded in greatly improving the quality of a re- 
action mixture obtained by melt polymeri7ation using a 
flange having a specific structure. 
[0190] In the present invention, a flange attached lo 
5 a pipe for transferring a reaction mixture has a structure 
shown in Fig. 14, for example. 
[0191] In the flange of the present invention, the term 
"heal durability" as used herein means that the airtight- 
ness and pressure durability of the flange are main- 
10 tained at required values during operation even at high 
temperatures and the flange has no problem in its use 
even when it receives force such as the thermal expan- 
sion of the material constituting the pipe. 
[0192] When a polycarbonate is produced, the heat 
'5 durability temperature of the equipment is preferably set 
lo a range of 1 50 to SSC^C according to its operation 
conditions. 

[01 93] Since there is a case where a boll for tightening 
parts constituting the flange is loosened by thermal ex- 
20 pansion, lightening force is preferably increased ac- 
cording to use temperature. 

[0194] In the flange of the present invention, the ex- 
pression "substantially no leakage under a vacuum 
pressure of 40,000 x 10-^ f^Pa or less" means that the 
25 leakage of gas from the outside of the pipe is 1 20 x 1 0*^ 
fVlPa-l/h or less based on 1 liter of the inner capacity 
when the ultimate vacuum degree of the pipe including 
the flange is 1 3. 3 x 1 0-^ MPa. With this method for meas- 
uring the leakage of gas. the measurement may not be 
30 easy because the inner capacity of the pipe including 
the flange is too small. In this case, when a helium leak 
test is earned out at 0.133 x 10"^ MPa. 3 x lO'^ ACC/S 
or less can be used instead. 

[0195] The gas leakage measurement method (a) 
35 and the helium leak test (b) which have been described 
for the gear pump can be used as the measurement 

method. 

[0196] An outside air contact portion of the flange is 
desirably placed in 98 vol% or more of a nitrogen gas 
^0 atmosphere not to be exposed to oxygen contained in 
the air substantially. 

[0197] In the flange of the present invention, the ex- 
pression 'pressure durability of 0.1 MPa or more" 
means that the flange does not leak a liquid or gas to 
45 the outside of the pipe and does not cause any problem 
at all in its use even when a predetermined pressure of 
0. 1 MPa or more is applied to the inside of the pipe. The 
pressure durability is generally in the range of 0.1 lo 30 
MPa. 

50 [0198] In the flange of the present invention, the ex- 
pression "liquid contact portion is made from a material 
having corrosion resistance against a monohydroxy 
compound formed by a reaction between the aromatic 
diol compound and the carbonic acid diester compound" 
55 means that any material is acceptable as the material 
of the liquid contact portion if it does not impair the func- 
tion of the pipe and does not substantially dissolve into 
the product during the use of the flange. The material is 
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desirably stainless steel specified by JIS such as 
SUS304. SUS304L. SUS316. SUS316L. SUS630. 
SCSI 3. SCS14. SCSI 6 or SCSI 9. plating such as Cr 
or Ni, stellite face finished or carbon steel lined by a hot 
isotactic press (HIP) method. Out of these, stainless 
steel is particularly preferred. The pipe and the flange 
may be made from different materials but they are pref- 
erably made from the same material to reduce the influ- 
ence of thermal expansion from the view point of the 
strength of the pipe. 

[0199] In the flange of the present invention, the ma- 
terial of a gasket used for sealing the flange is preferably 
softer than the material of the flange body from the view 
point of sealing properties. Illustrative examples of the 
material Include fluororesin (for example. Teflon), per- 
fluoro elastomer resins (for example, Kalrez of Du Ponl 
Dow Elastomers). Ti, Ni. Ag. AI, Cu, asbestos. SUS304, 
SUS304L, SUS316, SUS316L. SUS317L. SUS321: 
SUS347,SUS410 (these SUSare specified byJIS),mo- 
nel metal, incoloy 800, Pb and the like. When the liquid 
contact surface has a problem vyith corrosion resist- 
ance, it is preferably plated with a material having high 
corrosion resistance. The gasket is preferably made 
from a material different from that of the flange body to 
prevent seizure. Stainless stool is particularly preferred. 
[0200] In the flange of the present invention, the ma- 
terial used for the pipe is preferably subjected to a heat 
treatment when the influence of residual stress at high 
temperatures is taken into consideration. 
[0201] The flange of the present Invention Is prefera- 
bly heated uniformly with a heating medium jacket. In 
the case of a heating medium jacket, the flange may be 
covered with the heating medium jacket but is preferably 
Integrated with the heating medium jacket by incorpo- 
rating the heating medium jacket in the flange from the 
view point of uniform heating When the flange is rela- 
tively large in size, it is preferred to provide a baffle plate 
in the heating medium jacket or to increase the number 
of the flow passages of a heating medium so as to uni- 
formly heat the flange. 

[0202] The surface roughness of the liquid contact 
portion of the flange of the present invention is prefera- 
bly 10 pm or less. The surface roughness means that 
the surface roughness of the surface in contact with the 
reaction mixture of the flange is 10 pm or less in terms 
of Rmax. 

[0203] The surface roughness is preferably 3. 3 pm or 
less in terms of Rmax. Specifying a finishing method, 
the liquid contact portion is finished with the same fin- 
ishing method illustrated in the above item of (1 ) value. 
[0204] In the flange of the present invention, when the 
flange is connected to a pipe, they are generally con- 
nected by welding. However, a carbide is adhered to the 
inner surface of the pipe because a welded portion of 
the pipe is exposed to high temperatures, the welded 
portion or the inner surface of the pipe near the welded 
portion becomes uneven, and the center of the pipe is 
shifted by the influence of thermal stress, whereby level 



differences are produced. Therefore. It Is preferred to 
carry out post-processing such as surface finishing by 
polishing. 

[0205] In the present invention, any material may be 

5 used for the gasket used between flanges if it has re- 
quired heat durability pressure durability and corrosion 
resistance. When a hollow metal O ring is used by form- 
ing a groove, it has such an advantage that contact sur- 
faces of the flanges can be easily made metal-to-metal 

10 sealing. The hollow metal O ring has another advantage 
that there is no dead space formed by the deformation 
or thickness of the gasket itself. 
[0206] Further, since sealing properties are provided 
to the gasket by tightening a bolt and a nut to deform 

15 the gasket, the thickness of the flange is made large to 
provide tightening strength in many cases. However, 
since the hollow metal O ring has relatively smaller de- 
formation force than other plate gasket or spiral wound 
gasket, it has still a further advantage that the thickness 

20 of the flange can be made relatively thin. Therefore, the 
hollow metal O ring is preferably used. 
[0207] V/#3640 or V/#3641 of Nippon Balker Co.. Ltd. 
or equivalent thereof is preferably used as the hollow 
metal 0 ring. The 0 ring may not have a circular shape 

25 and may have an oval or other shape if it surrounds the 
flow passage of the reaction mixture withoul a break. 
[0208] In the flange of the present invention, a pin or 
a groove is preferably provided on the surface of the 
flange to prevent the shifting of the center of the flange. 

30 This groove structure is not particularly limited but it is 
the most preferred to shape a gasket seat for mounting 
the gasket like a groove in order to Improve the fastening 
pressure of the gasket side and sealing properties. 
[0209] In the flange of the present invention, it is pre- 

35 ferred to effect metal-to-metal sealing for a gap between 
the flanges by surface finishing the flanges to a surface 
roughness of 25 pm or less, preferably 6.3 pm or less, 
more preferably 1 .6 pm or less in terms of Rmax by cal- 
culating the crush margin of the gasket for the inner sur- 

40 face from the gasket seat and by machining the flanges 
with a lathe to make them parallel to each other from the 
view point of eliminating the dead space. 
[0210] In the flange of the present invention, when the 
flange is connected to the pipe, the flow passage of the 

45 reaction mixture preferably has a smooth shape which 
does not disturb the flow line of the reaction mixture. 
Particularly preferably, the flow passage has the same 
inner diameter as that of the pipe connected thereto. 
When they cannot have the same diameter in produc- 

50 tion, they are connected smoothly at a restriction angle 
of 20** or less in terms of vertical angle. The restriction 
angle is preferably 10" or less, more preferably 5** or 
loss, much more preferably 1° or less. 
[021 1 ] In the present invention, when the flange is rel- 

55 ativety large in size and it is difficult to lighten a plurality 
of bolts and nuts uniformly a spacer having such a thick- 
ness that the tightening pressure of the gasket becomes 
appropriate when the bolts and nuts are tightened Is in- 
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serted into the gap between the flanges to limit the tight- 
ening distance of a screw portion, thereby making it pos- 
sible to equalize the fastening of bolls and nuts. The in- 
sertion of the spacer can prevent the deformation of the 
flange caused by tightening the bolls and nuts exces- s 
sively. 

[0212] An example of the flange of the present inven- 
'tion will be described hereinafter with reference to Fig. 
14. The example shown in Fig. 1 4 is a mere embodiment 
of the present invention, and it should be understood to 
that the present invention is not limited by this figure. 
[0213] Fig. 14 shows a pair of flanges. A flange (fe- 
male) 201. a flange (male) 202 and an unshown pipe 
are made from SUS316. The flange (female) 201 and 
the flange (male) 202 are tightened to each other by un- is 
shown bolts and nuts with predetermined tightening 
torque. The flange (female) 201 and the flange (male) 
202 incorporate a heating medium jacket 203 and are 
connected to each other by the unshown pipe so that 
the heating medium circulates to heat and keep warm 20 
the flange (female) 201 and the flange (male) 202. 
[0214] The flange (female) 201 and the flange (male) 
202 are butt welded to the unshown pipe at a pipe weld- 
ed portion 204. 

[021 5] The flow passage of the reaction mixture is fin- 2S 
ished with a buff of #300 and has a surface roughness 
of 1 .6 pm in terms of Rmax to reduce the resistance, an 
end portion is champfered 0.1 mm or less and the 
number of fine dead spaces on the metal surface of the 
reaction mixture as much as possible. 
[0216] The flange (female) 201 and the flange (male) 
202 are connected to each other in such a manner that 
a groove portion (male) 207 and a groove portion (fe- 
male) 208 are combined together, and their connected 
surfaces have a surface roughness of 1.6 ^m in terms 
of Rmax and are made parallel to each other by machin- 
ing with a lathe or the like so as to effect metal-to-metal 
sealing for a gap between metal-to-metal sealing sur- 
faces 205. 

[0217] Vacuum sealing is effected by deforming an 
unshown hollow metal O ring inserted into a metal O 
ring attachment seat 206. The size of the groove is set 
such that the hollow metal O ring does not project from 
the groove and is deformed to obtain sealing properties. 
[0218] The reaction mixture is sealed and separated 
from the outside by the metal-to-metal sealing surfaces 
205 and the hollow metal O ring inserted into the metal 
O ring attachment seat 206. Owing to melal-to-metal 
sealing, there is no dead space in fact. 
[0219] An unshown spacer is sandwiched between 
the flange (female) 201 and the flange (male) 202, and 
the flange (female) 201 and the flange (male) 202 are 
tightened to each other so that the distance between the 
flanges should be fixed, tightened more strongly with 
predetermined torque by elevating the temperature to 55 
use temperature and covered with an unshown heat in- 
sulating material. 

[0220] When a polycarbonate resin is not produced, 



a washing liquid, compressed air or vacuum air is sup- 
plied in place of the reaction mixture at the time of wash- 
ing, start up or shut down the production of the polycar- 
bonate, or inspecting the equipment. It has been con- 
firmed that there is no problem with the function of the 
flange of the present invention in these cases. 

(4) flow passage; 
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, [0221] The flow passage in the present invention re- 
fers to a space constituted by (i) pipes, (ii) a reaction 
mixture introduction passage from the inlet of the valve 
to the sealing surface forming portion (flow passage cut- 
off portion) of the valve, (iii) a reactiori mixture discharge 
passage from the sealing surface forming portion of the 
valve to the outlet of the valve and (iv) connection parts 
for connecting these (such as a socket) and through 
which a reaction mixture flows, and (v) contacting por- 
tion of reaction mixture as final product (such as strand 
die). 

[0222] In the polycarbonate production process, to 
obtain a high-quality polycarbonate for optical applica- 
tion, it is important to eliminate a residence portion 
called "dead space' in the transfer route. Various stud- 
ies have boon made to eliminate the dead space in the 
reactor and various proposals have been made. How- 
ever, the quality of a polycarbonate obtained by melt po- 
lymerization is still unsatisfactory in fact. 
[0223] The present Inventors have conducted inten- 
sive studies in view of this problem and have found that 
a restricted and/or expanded portion of the flow passage 
to which importance has not been attached in the prior 
art. the curvature of the pipe and the connection of the 
pipe have a great influence upon the dead space of the 
whole equipment. They have succeeded in greatly im- 
proving the quality of a polycarbonate obtained by melt 
polymerization by using a reducer having a specific 
structure in the restricted and/or expanded portion of the 
flow passage. 

[0224] In the present* invention, the reducer for the 
flow passage for supplying the reaction mixture is, for 
example, a reducer as shown in Fig. 1 6. 
[0225] In the flow passage (4) of the present inven- 
tion, the expression "restricted and/or expanded portion 
of the flow passage" means a portion whose cross sec- 
tion is reduced or increased of the inside of a member 
such as a pipe or valve through which the reaction mix- 
ture flows. It means what is generally called "reducer" 
in the case of an ordinary pipe. The reducer is not limited 
to one specified by JIS but it means a liquid inlet portion 
of the gear pump, a restricted portion of a strand die, or 
a cross section changing portion of the flow passage 
through which the reaction mixture or the polycarbonate 
flows, such as a portion of the flow passage when the 
valve is fully opened, and comprehends what is not gen- 
erally called "reducer". 

[0226] In the flow passage of the present invention, 
the term "heat durability" means that the airlightness 
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and pressure durability o\ the flow passage are higher 
than required air tightness and pressure durability dur- 
ing operation even at high temperatures and any prob- 
lem does not arise in its use even when the flow passage 
receives force such as the thermal expansion of the ma- 
terial constituting the flow passage including the restrict- 
ed and/or expanded portion. When a polycarbonate is 
produced, the heat durability temperature of the flow 
passage is preferably set to a range of 150 to 350**C 
according to its operation conditions. 
[0227] In the flow passage of the present invention, 
the expression "substantially no leakage under a vacu- 
um pressure of 40.000 x 10"^ MPa or less" means that 
the leakage of gas from the outside including the restrict- 
ed and/or expanded portion is 1 20 x 10-^ MPa l/h or less 
based on 1 liter of the inner capacity when the ultimate 
vacuum degree ol the flow passage Including the re- 
stricted and/or expanded portion is 13.3 x 10"® MPa. 
Stated more specifically, the leakage is measured by 
sealing both end portions of the flow passage including 
the restricted and/or expanded portion. 
[0228] In this case, the gas leakage measurement 
method (a) and the helium leak test (b) which have been 
described for the gear pump can be used the measure- 
ment method. 

[0229] An outside air contact portion ol the flow pas- 
sage is desirably placed in 98 vol% or more of an nitro- 
gen gas atmosphere not to be exposed to oxygen con- 
tained in the air substantially. This is particularly desir- 
ably carried out on a pipe joint portion of the pipe. 
[0230] In the flow passage of the present invention, 
the expression "pressure durability of 0.1 MPa or more" 
means that the flow passage does not leak a liquid or 
gas to the outside of the flow passage and does not 
cause any problem at all in its use even when a prede- 
termined pressure of 0.1 MPa or more is applied to the 
inside ol the flow passage including the restricted and/ 
or expanded portion. The pressure durability is gener- 
ally a pressure at the outlet of the pump installed in the 
flow passage and in the range of 0.1 to 30 MPa. 
[0231] In the flow passage of the present invention, 
the expression "liquid contact portion is made from a 
material having corrosion resistance against a monohy- 
droxy compound formed by a reaction between the ar- 
omatic diol compound and the carbonic acid diester 
compound" means that any material is acceptable as 
the material of the liquid contact portion if it does not 
impair the function of the flow passage and does not 
substantially dissolve into the product during the use of 
the flow passage including the restricted and/or expand- 
ed portion. The material is desirably stainless steel 
specified by JIS such as SUS304, SUS304L SUS316, 
SUS316L, SUS630. SCS13. SCS14. SCS16, SCS19, 
SUS440C, SUS420J2 or SCS2. corrosion resistant 
metal such as nickel or titanium, alloy such as inconel, 
nickel-chrome iron or hastelloy, plating such as Cr or Ni. 
stellite face finished, ceramic coating or carbon steel 
lined by a hot isotactic press (HIP) method. Out of these. 



stainless steel is particularly preferred. 
[0232] In the present Invention, the expression "liquid 
contact portion" means a reaction mixture contact por- 
tion of the inside of the flow passage including the re- 
s slricted and/or expanded portion. 

[0233] In the flow passage of the present invention, 
the expression "the surface roughness of the liquid con- 
tact portion is 10 pm or less" means that the surface 
roughness is 10 pm or less in terms of Rmax. The sur- 
10 face roughness is preferably 3.3 pm or less in terms of 
Rmax. Specifying a finishing method, the liquid contact 
portion is finished with the same finishing method illus- 
trated in the above item of (1) value. 
[0234] It is preferred to heal the flow passage includ- 
es ing the restricted and/or expanded portion uniformly with 
a heating medium jacket, electric heater or the like. In 
the case of a heating medium jacket, to integrate the 
healing medium jacket with the flow passage body In- 
cluding the restricted and/or expanded portion is more 
20 preferred than to cover the flow passage including the 
restricted an/or expanded portion with the heating me- 
dium jacket from the viewpoint of uniform heating. When 
the flow passage is relatively large in size or when a 
change in the inner diameter of the flow passage is large 
25 duo to the restricted and/or expanded portion, it is pre- 
ferred to provide a balfle plate in the heating medium 
jacket or to increase the number of the flow passages 
of the heating medium so as to uniformly heat the flow 
passage. 

30 [0235] In the present invention, any means may be 
used to connect the restricted and/or expanded portion 
of the flow passage to the pipe or the like if it has the 
same pressure durability, corrosion resistance and sur- 
face roughness for the liquid contact portion as those of 

35 the restricted and/or expanded portion. It is. for exam- 
ple, a flange, welding, grayloc. socket or the like. Weld- 
ing is generally used. 

[0236] In the present invention, a preferred feature of 
a connecting method with a pipe is a method by using 
40 a socket. 

[0237] An example of the socket of the present inven- 
tion is shown in Fig. 16. 

[0238] Fig 1 6 shows a pipe 301 before it is connected 
to a socket 303 and a pipe 302 connected to the socket 

45 303. The liquid contact portion 305 of the pipes 301 and 
302 and the socket 303 are finished to a surface rough- 
ness Rmax of 1 .6 ^im or less. 
. [0239] The contact surfaces with the socket 303 of the 
pipes 301 and 302 are finished to a surface roughness 

so Rmax of 1.6 jim or less, and the contact surfaces 307 
with the pipes 301 and 302 of the socket 303 are finished 
to a surface roughness Rmax of 1 .6 [ivn or less as well. 
Those contact surfaces of the pipes 301 and 302 and 
the socket 303 are machined with a lathe to achieve par- 

55 allelism therebetween, thereby effecting metal-to-metal 
sealing for a gap between the contact surfaces 306 and 
307 together with the above surface roughnesses. 
[0240] After the pipes 301 and 302 are inserted Into 
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the socket 303, a groove portion 308 formed in the weld- 
ing materi;^! 304 is welded 

[0241] Any welding material may be used for welding 
if It has strength required to connect the pipes to the 
socket, the same material of pipe is preferred as welding 
material and TIG welding is more preferred. The welding 
material for welding the pipes 301 and 302 to the socket 
303 and the welding material 304 are SUS3 1 6 in Fig. 1 6. 
[0242] Since only the surface portions of the pipe 301 
and the pipe 302 (portions shown by slant lines in Fig, 
16) are welded, the welding material 304 cannot be ex- 
posed to the inside of the pipe and contact the reaction 
mixture. Therefore, the surface finishing of the welded 
portion which has been required In the prior art is not 
necessary. 

[0243] The reaction mixture is perfectly separated 
from the outside by metal-to-metal sealing and welding 
•for a gap between the socket 303 and the pipe 301 and 
a gap between the socket 303 and the pipe 302. There- 
fore, (he reaction mixlure does nol enter the gaps 
formed between these sealed surfaces. Even if it enters 
ihe gaps, it is extremely small in quantity and it is almost 
impossible that the reaction mixture entering the gaps 
deteriorates and the deterioraled product enters the flow 
of the reaction mixture by any chance. 
[0244] Since the socket is much more compact than 
other connection means such as a flange and a jacket 
for heating the pipes can be laid in the socket when dou- 
ble pipe heat tracing are used, heat retaining properties 
are higher than other pipe joints. 
[0245] In the present invention, the flow of the reaction 
mixture at the Inlet portbn of the reaction mixture of the 
restricted and/or expanded portion is desirably smooth 
to prevent the flow line of the reaction mixture from being 
disturbed. Particularly preferably, the restriction or ex- 
pansion angle of the flow passage Is 20* or less In terms 
of vertical angle. It Is more preferably 14** or less Irt terms 
of vertical angle. The flow passage having substantially 
no level differences is preferably used. The expression 
"substantially no level differences" means that the end 
portion Is preferably chamfered 2 mm or less, more pref- 
erably 0.5 mm or less, much more preferably 0. 1 mm or 
less. 

[0246] The vertical angle in this case Is an angle 
shown by "a" when the flow passage Is of a concentric 
type as shown in Fig. 17 and Fig. 18 When the flow 
passage Is of an eccentric type as shown in Fig. 1 9 and 
Fig. 20, the vertical angle is an angle shown by "P". 
[0247] In the present invention, when the restricted 
and/or expanded portion Is used in a horizontal flow pas- 
sage, a flow passage of an eccentric type is often used 
to prevent the formation of an air pool. In this case, the 
'horizontal flow passage" refers to a flow passage hav- 
ing an angle of 0 to 45** formed between the flow direc- 
tion of the reaction mixture in the flow passage and the ^ 
ground. 

[0248] Examples of the restricted and/or expanded 
portion according to the present invention are shown in 



Figs. 17 to 20. The examples shown in Figs. 17 to 20 
are mere embodiments of the present invention, and it 
should be understood that the present invention is not 
limited by (hese figures. 
5 [0249] Fig. 17 and Fig. 18 show a reducer of a con- 
centric type and Fig. 1 9 and Fig. 20 shows a reducer of 
an eccentric type. Fig. 17 and Fig. 18 show a reducer 
body 401 before it is welded to a pipe. A liquid contact 
portion 404 has a surface roughness of 1 .6 ^jm in terms 
10 of Rmax and butt welded lo the pipe at a welded portion 
405 on a small pipe side 402 and a large pipe side 403. 
[0250] Any welding material may be used for the weld- 
ed portion 405 if it has strength required to connect the 
pipe to a reducer but TIG welding is preferred. The re- 
IS ducer body 401 , the welding material and the pipe are 
made from SUS316. The welded portion is smoothly fin- 
ished to a surface roughness of 1 .6 pm in terms of Rmax 
to prevent the formation of a dead space by disturbing 
the flow line of the reaction mixture. 
^0 [0251] The restriction or expansion angle is a = 20° 
for the flow passage of a concentric type shown in Fig 
17 and Fig. 18 and (3 = 10° for the flow passage of an 
eccentric type shown in Fig. 19 and Fig. 20. 
[0252] In the pipe including the reducer constituted 
'5 above, the reaction mixture is continuously transferred. 
[0253] In the flow passage of the present invention, a 
curved portion of the pipe for transferring the reaction 
mixture is formed by bending a pipe shown in Fig. 21, 
for example, with a bender. The term "pipe" as used 
30 herein means a pipe in a general sense but can mean 
all flow passages through which the reaction mixture 
passes, such as a lubricating portion of the bearing of 
the gear pump or a flow passage portion of a strand die 
except for seat of the value. 
35 [0254] In the present invention, the Inside of the 
curved portion preferably has a smooth shape which 
does not disturb the flow line of the reaction mixture. The 
curvature of the pipe must be 5 limes or more the inner 
diameter of the pipe, preferably 8 times or more the inner 
"fo diameter of the pipe. 

[0255] In the present invention, the angle of the 
curved portion is not fixed to 45°. 90° or 180° but may 
be any angle. 

[0256] In the present Invention, a curved portion hav- 
45 ing substantially no level differences in a welded portion 
or in the Inside of the pipe is also preferably used. The 
expression "substantially no level differences" means 
that the end portion Is preferably chamfered 2 mm or 
less, more preferably 0.5 mm or less, much more pref- 
50 erabfy 0.1 mm or less. 

[0257] In the present invention, bending is cold bend- 
ing with a pipe bender, burn bending or high-frequency 
bending. Cold bending is preferred because it does not 
cause a change in composition or the formation of a 
J5 roughened surface by heating. 

[0258] In the present invention, allowable flatness af- 
ter bending should be 7.5 % or less of the nominal di- 
ameter of the pipe. The cross section of the curved por- 
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tion is desirably spherical at any location. 
[0259] The 'allowable flatness" as used herein indi- 
cates a percentage (%) obtained by subtracting the 
length of a short diameter fronn the length of a long di- 
ameter of the cross section of the curved portion and 
dividing the obtained value by the nominal diameter of 
the pipe when the cross section of the curved portion 
changes its shape, to an oval shape. 
[0260] The nominal diameter of the pipe used herein 
is specified by JIS G 3452-1 988 and expressed as nom- 
inal diameter A. 

[0261] An example of the curved portion according to 
the present invention is shown in Fig. 21. The example 
shown in Fig. 21 is a mere embodiment of the present 
invention, and it should be understood that the present 
invention is not limited by this figure. 
[0262] In Fig. 21 . a curved portion 406 is formed by 
bending a pipe and has a curvature radius "r" which sat- 
isfies r 2? 5 X d (d is the inner diameter of the pipe). The 
bending angle is 90". 

[0263] Not shown, both ends of the curved portion are 
butt welded to pipes. 

[0264] A welding material may be preferably used 
similar material of pipe if it has strength required to con- 
nect the pipe, but TIG welding is preferred. The curved 
portion 406, the welding material and the pipe are pref- 
erably made from stainless steel such as SUS316. The 
welded portion is smoothly finished to a surface rough- 
ness of 1 .6 pm or less in ternris of Rmax to prevent the 
formation of a dead space by disturbing the flow line of 
the reaction mixture. 

[0265] The reaction mixture is continuously trans- 
ferred in the pipe including the curved portion thus con- 
stituted- 
Examples 

[0266] The following examples of the present inven- 
tion are given below. These examples are provided for 
the purpose of further illustrating the present invention 
but are in no way to be taken as limiting. 
[0267] In the present invention, intrinsic viscosity and 
Rmax were measured as described in "a" and "b" below. 
The gas leakage measurement method of the present 
invention is carried out as described in "c". In the follow- 
ing examples, a helium leak test equivalent to the gas 
leakage measurement method of the present invention 
was used. 

a. intrinsic viscosity 

[0268] The intrinsic viscosity [x}] was obtained by 
measuring a methylcno chloride solution of the reaction 
mixture having a concentration of 0.7 g/dl with an Ub- 
belohde's viscometer. 



b. Rmax measurement method 

[0269] Rmax indicates surface roughness expressed 
in pm. Rmax is measured in accordance with JIS B0601 . 

5 

c. gas leakage measurement method 

[0270] Themeasurement of the leakage of gas is car- 
ried out by sucking gas inside the transfer members by 

10 a vacuum pump to reduce the pressure inside the trans- 
fer members to 13.3 x 10*^ fy/lPa, stopping suction by the 
vacuum pump and confirming after one hour that the 
pressure inside the transfer members is lower than a 
predetermined pressure when the capacity of the trans- 

15 fer members is 1 liter The transfer members stands the 
test if the pressure inside the transfer members is lower 
than 1 33 x lO'^ MPa one hour after sucilpn by the vac- 
uum pump Is stopped. 

20 Example 1 

[0271 ] Diphenyl carbonate was charged into a disso- 
lution tank equipped with a stirrer in an amount of 1 .05 
mols based on 1 mol of 2,2-bis(4-hydroxyphenyl)pro- 

25 pane, the inside of the lank was substituted with nitro- 
gen, 2,2-bis(4-hydroxyphenyl)propane was dissolved in 
diphenyl carbonate at 150'*C, and the resulting mixture 
solution was transferred to a raw material storage tank 
maintained at 150°C. 

30 [0272] Thereafter, the mixture was continuously sup- 
plied to a vertical reactor whose inside temperature was 
maintained at 240°C and inside pressure at 1 .333 x 10"® 
MPa and which was equipped with a fractionator and 
agitator at a rate of 60 kg/hr, 1 x 10-^ equivalent of a 

35 bisphenol A disodium salt and 1 x lO'^ equivalent of te- 
tramethyl ammonium hydroxide were continuously add- 
ed to 1 mol of 2.2-bis(4-hydroxyphenyl)propane. and a 
reaction was carried out by removing the produced phe- 
nol from the fractionator. The valve of the present inven- 

40 tion shown in Fig. 6 was installed at the raw material 
inlet and the prepolymer outlet of this reactor The ob- 
tained reaction mixture was continuously discharged 
using a gear pump. The polymerization degree of the 
obtained reaction mixture was obtained by measuring 

45 intrinsic viscosity thereof. As a result, a reaction mixture 
having a [ii] of 0.16 was obtained. 
[0273] Thereafter, the reaction mixture was continu- 
ously supplied to a horizontal reactor whose inside tem- 
perature was maintained at 270" C and inside pressure 

50 at 1 33 X 1 0'® MPa. The reaction mixture was further po- 
lymerized while the produced phenol was removed to 
the outside of the system to continuously produce a 
polycarbonate having a [r|] of 0.45. The viscosity of the 
reaction mixture at the outlet was 1 : 400 Pa-S at 270"C. 

55 [0274] A Y-shaped globe valve shown in Fig. 6 was 
installed at the reaction mixture inlet and the reaction 
mixture outlet of the horizontal reactor. 
[0275] The specifications of the valve of the present 
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invention used in this example were as follows. 
[0276] The valve body was made from SCSI 4. stem 
from SUS316. disk from SUS316. seal from STELLITE 
FACE#6. and gland packing from T/#9075. The liquid 
contact portion of the valve had a pressure durability of 
15 MPa. a heat durability of 300X and an ultimate vac- 
uum Qf 1 .33 X 10-5 (3 x 10*5 ACC/S or less accord- 
ing to a helium leak test). When the surface of the liquid 
contact portion was subjected to mechanical finishing 
(buff of #300), it had a surface roughness Rmax of 2.4 
(jm. A heating medium jacket was incorporated in the 
valve body to uniformly heat the valve. A disk was pro- 
vided at the end of the stem. Flanges were used to con- 
nect the valve to a pipe. 

[0277] When the reaction mixture was sampled at the 
outlet of the horizontal reactor after 16 days ot continu- 
ous operation, dissolved in 1 kg of a methylene chloride 
solution and filtered with a 30 ^m-mesh filter, about 65 
foreign substances (in average) such as gels or ther- 
mally delerioraled products of (he polycarbonate based 
on 1 kg of the polycarbonate were detected on the filter. 
There was a tendency toward an increase in the number 
of foreign substances as the operation time became 
longer. 

Example 2 

[0278] A polymerization reaction was carried out in 
the same manner as in Example 1 except that a Y- 
shaped globe valve shown in Fig. 8 was installed as the 
valve of the present invention. 
[0279] The specifications of the valve were as follows. 
[0280] The valve body was made from SCSI 4, stem 
from SUS316. seal from STELLITE FACE#6 and gland 
packing from T/#9075. An O ring of Kalrez was attached 
to the stem, and the liquid contact portion had a pressure 
durability of 15 MPa. a heat durability of 300X and an 
ultimate vacuum of 1.33 x 10*^ MPa (3x 10*^ ACC/S or 
less according to a helium leak test). When the surface 
of the liquid contact portion was subjected to mechanical 
finishing (buff of #300). it had a surface roughness Rmax 
of 2.4 \im. A heating medium jacket was incorporated in 
the valve body to uniformly heat the valve. A disk was 
not provided at the end of the stem, the diameter of the 
stem was made equal to that of a pipe, and the stem 
was welded to a pipe. A spacer having a smooth curved 
surface that does not disturb the flow of a polycarbonate 
resin was installed at the end of the stem. 
[0281] When the reaction mixture was sampled at the 
outlet of the horizontal reactor after 16 days of operation, 
dissolved in 1 kg of methylene chloride and filtered with 
a 30 ^m-mesh filter, about 3 foreign substances (in av- 
erage) were existent on the filter based on 1 kg of the 
polycarbonate. 

[0282] When the inner wall of the valve stem was ob- 
served with naked eye after 16 days of operation, it re- 
tained the same metal gloss as that before operation. 



Example 3 

[0283] A polymerization reaction was carried out in 
the same manner as in Example 1 except that an O ring 
5 of Kalrez was not attached to the stem of the same Y- 
shaped globe valve as in Example 2 installed as the 
valve of the present invention. 

[0284] When the reaction mixture was sampled at the 
outlet of a horizontal reactor after 16 days of operation, 
^0 dissolved in 1 kg of methylene chloride and filtered with 
a 30pm-mesh filter, about 15 foreign substances (in av- 
erage) were existent on the filter based on l kg of the 
polycarbonate. 

'5 Example 4 

[0285] A polymerization reaction was carried out in 
the same manner as in Example 1 except thai a spacer 
was not provided at the stem of the same Y-shaped 
20 globe valve as in Example 3 installed as the valve of the 
present invention. 

[0286] When the reaction mixture was sampled at the 
outlet of a horizontal reactor after 16 days of operation, 
dissolved in 1 kg of methylene chloride and filtered with 
25 a 30 nm-mcsh filter, about 25 foreign substances (in av- 
erage) were existent on the filter based on 1 kg of the 
polycarbonate. 



Comparative Example 1 



30 



[0287] A polymerization reaction was carried out in 
the same manner as in Example 1 except that a plug 
valve shown in Fig. 4 was used in place of the valve of 
the present invention. 
35 [0288] The specifications of the valve were as follows. 
[0289] The valve body was made from SCSI 4, plug 
from SUS316 and gland packing from T/^/9075. The liq- 
uid contact portion had a pressure durability of 15 MPa 
and a heat durability of 300°C. The sliding portion of the 
40 valve was coated with Triballoy #400. When the surface 
of the liquid contact portion was finished with a buff of 
#100, it had a surface roughness Rmax of 15 pm. 
[0290] When the reaction mixture was sampled at the 
outlet of a horizontal reactor after 16 days of operation. 
45 dissolved in 1 kg of methylene chloride and filtered with 
a 30pm-mesh filter, about 100 foreign substances were 
existent on the filter based on 1 kg of the polycarbonate. 
. There was a tendency lovyard an increase in the number 
of foreign substances as the operation time became 
50 longer. 

[0291] Right after the valve was operated, countless 
foreign substances were existent on the fitter. This phe- 
nomenon was not observed in any of the above Exam- 
ples 1 to 4. 

55 [0292] When the surface of the plug of the valve was 
observed with the naked eye after 16 days of operation, 
brown substances were adhered to the surface of the 
plug. 
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Comparative Example 2 

[0293] A polymerization reaction was carried out in 
the same manner as in Example 1 except that a T- 
shaped globe valve shown in Fig. 5 was used in place 5 
of the valve oi the present invention. 
[0294] The specifications of the valve were as follows. 
[0295] The valve body was made from SCSI 4. stem 
from SUS316, disk from SUS316. seat from STELUTE 
FACE#6 and gland packing from T/#9075. The liquid 
contact portion had a pressure durability of 15 f^Pa. a 
heat durability of 300°C and an ultimate vacuum degree 
of 1.33 X 10-6f^Pa(3x 10'^ ACC/S or less according to 
a helium leak test). When the surface of the liquid con- 
tact portion was finished with a buff of #100, it had a 
surface roughness Rmax of 15 ^im. A heating medium 
jacket was incorporated in the valve body to uniformly 
heat the valve, and flanges were used to connect the 
valve to a pipe. 

[0296] When the reaction mixture was sampled at the 
outlet of a horizontal reactor after 1 6 days of operation, 
dissolved in 1 kg of methylene chloride and filtered with 
a 30 jim-mesh filler, about 100 foreign substances were 
existent on the filter based on 1 kg of the polycarbonate. 
There was a tendency toward an increase in the number 
of foreign substances as the operation time became 
longer. 

[0297] Right after the valve was operated, countless 
foreign substances were existent on the filter. This phe- 
nomenon was not observed in any of the above Exam- 
ples 1 to 4. 

[0298] When the rear surface of the disk of the valve 
was observed with the naked eye after 1 6 days of oper- 
ation, brown substances were adhered to the surface. 

Example 5 

[0299] Diphenyl carbonate was charged into a disso- 
lution tank equipped with a stirrer in an amount of 1.05 
mols based on 1 mol of 2,2-bis(4-hydroxyphenyl)pro- 
pane. the inside of the tank was substituted with nitro- 
gen, 2,2-bis(4-hydroxyphenyl)propane was dissolved in 
diphenyl carbonate at ISO*" C. and the resulting mixture 
solution was transferred to a raw material storage tank 
maintained at 1 50°C. 

[0300] Thereafter, the mixture was continuously sup- 
plied to a vertical reactor whose inside temperature was 
maintained at 240*C and Inside pressure at 1 ,333 x lO'^ 
MPa and which was equipped with a fractionator and 
agitator at a rate of 60 kg/hr, 1x10"^ equivalent of a 
bisphenol A disodium salt and 1 x lO*^ equivalent of te- 
tramethyl ammonium hydroxide were continuously add- 
ed to 1 mol of 2,2-bis(4-hydroxyphenyl)propanc, and a 
reaction was carried out by removing the produced phe- 
nol from the fractionator. 

[0301] The obtained reaction mixture was continu- 
ously discharged using the gear pump of the present 
invention (to be referred to as "former gear pump"). The 



polymerization degree of the obtained reaction mixture 
was obtained by measuring intrinsic viscosity thereof. 
As a result, a reaction mixture having a [ii] of 0.16 was 
obtained. 

[0302] Thereafter, the reaction mixture was continu- 
ously supplied to a horizontal reactor whose inside tem- 
perature was maintained at 270* C and inside pressure 
at 1 33 X 1 0"^ MPa. The reaction mixture was further po- 
lymerized while the produced phenol was removed to 
the outside of the system to continuously produce a 
polycarbonate having a [nl of 0.35. The gear pump of 
the present invention (to be referred to as "latter gear 
pump") was used to discharged the obtained reaction 
mixture continuously. The viscosity of the reaction mix- 
ture at the outlet was 300 Pa-S at 270**C. 
[0303] As for the gear pump of the present invention, 
the front plate, gear case and back plate were made 
from SUS420J2, the gear, bushing and shaft were made 
from SUS420J2 and had a surface roughness Rmax of 
1 .6 |xm by buffing, and a hollow metal O ring was used 
to seal the fixed portion. The reaction mixture used to 
lubricate contact portions among the gear, shaft and oth- 
er gear pump members was discharged to the outside 
of the pump without returning into the reaction mixture 
as final product, the flow passage of the reaction mixture 
had a restriction angle of 20" in terms of vertical angle, 
a gland packing was used as a shaft seal for the driving 
shaft of the former gear pump and a labyrinth seal was 
used as a shaft seal for the dnving shaft of the latter gear 
pump. 

[0304] Further, the size of the flow passage and the 
driving power of the gear pump were adjusted according 
to the viscosity of the reaction mixture. The size of the 
flow passage was adjusted because a pressure loss in 
the flow passage of the reaction mixture has a propor- 
tional relationship with viscosity ("the flow passage of 
the reaction mixture" is an item by which the diameters 
of the inlet and the outlet of the gear pump, the size of 
the lubricating groove in the gear and the clearance of 
the drive shaft seal were adjusted). The reason why the 
driving force of the gear pump was adjusted was that 
the required driving force of the gear pump was in- 
creased by a rise in the viscosity of the reaction mixture. 
[0305] When 1 kg of the polymer obtained at the outlet 
of the horizontal reactor was sampled after 10 days of 
operation, dissolved in methylene chloride and filtered 
with a 30 |im-mesh filter, about 8 foreign substances (in 
average) were delected on the filler based on 1 kg of 
the polycarbonate. The expression "foreign substanc- 
es" as used herein means a gel . highly crystallized prod- 
uct and thermally deteriorated product of a polycar- 
bonate. 

[0306] When the gear pump was disassembled after 
40 days of operation, a deteriorated reaction mixture 
was adhered between the cover plate and the bushing 
and to end portions of the driving shaft and the follow 
shaft. The other liquid contact portions of the reaction 
mixture retained almost the same metal gloss as that 
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■ before operation. 
Example 6 

[0307] A polymerizalion reaction was carried out in 
the same manner as in Example 5 except that the bush- 
ing for supporting the shaft of the gear was fixed to the 
cover plate, a gap between the cover plate and the bush- 
ing was substantially eliminated, and a scraper was in- 
stalled at end portions of the driving shaft and the follow 
shaft. 

[0308] When 1 kg of the polymer obtained at the outlet 
of a horizontal reactor after 10 days of operation, dis- 
solved in methylene chloride and filtered with a 30 pm- 
mesh filter, about 2 foreign substances (in average) 
were detected on the filter based on 1 kg of the polycar- 
bonate. 

[0309] When the gear pump was disassembled after 
40 days of operation, the liquid contact portion of the 
reaction mixture retained almost the same metal gloss 
as that before operation. 



Comparative Example 3 

[0310] A polymerization reaction was carried out in 
the same manner as in Example 5 except that the gear 
pump used was such that the front plate, gear case and 
back plate were made from SUS316, a reaction mixture 
used to lubricate contact portions among the gear, shaft 
and other gear pump members returned into the reac- 
tion mixture as final product after lubrication, the bush- 
ing for supporting the shaft of the gear was not fixed to 
the cover plate, there was no scraper at the end portion 
of the shaft, the restriction angle of the flow passage of 
the reaction mixture was 60'' In terms of vertical angle, 
a mechanical seal was used for the former gear pump 
as a drive shaft seal there was a level difference in the 
flow passage at the inlet of the reaction mixture formed 
by chamfering 4 mm, the surface roughness of the liquid 
contact portion was set to Rmax of 12.5 ^m, and the 
sealing of the fixed portion is metal-to-metal sealing. 
[0311] When 1 kg of the polymer obtained at the outlet 
of a horizontal reactor was sampled after 10 days of op- 
eration, dissolved In methylene chloride and filtered with 
a 30 Jim filter, about 90 foreign substances (in average) 
were detected on the filter based on 1 kg of the polycar- 
bonate. There was a tendency toward an increase in the 
number of foreign substances as the operation time be- 
came longer. 

[0312] When the gear pump was disassembled after 
40 days of operation, a reaction mixture which was dis- 
colored in the flow passage of the reaction mixture used 
to lubricate contact portions among the gcar» shaft and 
other gear pump members was adhered to end portions 
of the gear shaft, and a discolored reaction mixture re- 
sided in the gap between the cover plate and the bush- 
ing. The shaft end portion showed the niarks of a dete- 
riorated reaction mixture adhered thereto. The mechan- 



ical seal as a drive shaft seal for the former gear pump 
showed the marks of a sealing solution leaking inside. 
A discolored reaction mixture was also adhered to a lev- 
el difference portion of the flow passage of the reaction 
5 mixture and small recessed portions in the flow passage 
of the polycarbonate. 

Comparative Example 4 

10 [0313] A polymerization reaction was carried out In 
the same manner as in Example 5 except thai the gear 
pump used was made from SKD11 , the reaction mixture 
used to lubricate contact portions among the gear, shaft 
and other gear pump members returned Into the teac- 

15 • tion mixture as final product again after lubrication, the 
bushing for supporting the shaft of the gear was not fixed 
to the cover plate, there was no scraper at the end por- 
tion of the shaft, the restriction angle of the flow passage 
of the reaction mixture was 60* in terms of vertical angle, 
20 the drive shaft seal was a gland packing, there was a 
level difference formed by chamfering 4 mm in the flow 
passage at the inlet of the reaction mixture, the surface 
roughness of the liquid contact portion was set to 12.5 
pm, the sealing of the fixed portion was metal-to-metal 
25 scaling. 

[0314] When 1 kg of the polymer obtained at the outlet 
of a horizontal reactor was sampled after 10 days of op- 
eration, dissolved in methylene chloride and filtered with 
a 30 ^m filter, about 200 foreign substances were de- 
30 tected on the filter based on 1 kg of the polycarbonate. 
When the obtained reaction mixture was observed with 
the naked eye. it assumed a brown color. 
[0315] When the gear pump was disassembled after 
40 days of operation, a discolored reaction mixture was 
35 adhered to the whole flow passage of the reaction mix- 
ture. A discolored reaction mixture was adhered to the 
inside of the flow passage of the reaction mixture used 
to lubricate contact portions among the gear, shaft and 
other gear pump members, and the discolored reaction 
40 mixture resided in the gap between the cover plate and 
the bushing The shaft end portion showed the marks of 
the deteriorated reaction mixture adhered thereto. 
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[0316] Diphenyl carbonate was charged Into a disso- 
lution tank equipped with a stirrer In an amount of 1 .05 
mols based on 1 mol of 2,2-bis(4-hydroxyphenyl)pro- 
pane, the inside of the t^nk was substituted with nitro- 
50 gen, 2,2-bis(4-hydroxyphenyl)propane was dissolved in 
diphenyl carbonate at 1 50'* C, and the resulting mixture 
solution was transferred to a raw material storage tank 
maintained at 150*0. 

[0317] Thereafter, the mixture was continuously sup- 
55 plied to a vertical reactor whose inside temperature was 
maintained at 240^*0 and Inside pressure at 1 ,333 x 1 0'^ 
MPa and which was equipped with a fractionator and 
agitator by a pump connected with flanges at a rate of 
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60 kg/hr, 1 x 10'^ equivalent of a bisphenol A disodium 
salt and 1x10-^ equivalent of tetramethyl ammonium 
hydroxide were continuously added to 1 mol of 2.2-bis 
(4-hydroxyphenyl)propane. and a reaction was carried 
out by removing the produced phenol from the fraction- 
alor. The obtained reaction mixture was continuously 
discharged using a gear pump from the pipe connected 
with the flanges of the present invention. The polymer- 
ization degree of the obtained reaction mixture was ob- 
tained by measuring intrinsic viscosity thereof. As a re- 
sult, a reaction mixture having a h) of 0.16 was ob- 
tained. 

[0318] Thereafter the reaction mixture was continu- 
ously supplied to a horizontal reactor whose inside tem- 
perature was maintained at 270** C and inside pressure 
at 133 X 10-6 MPa. 

[0319] The reaction mixture was further polymerized 
while the produced phenol was removed to the outside 
of the system to continuously produce a polycarbonate 
having a [n] ol 0.35. 

[0320] The flange for the object of this example was 
used to connect connection pipes for the horizontal re- 
actor, the connection pipes for the horizontal reactor to 
the horizontal reactor, the horizontal reactor to the outlet 
pipe thereof, and the outlet pipes for the horizontal re- 
actor. 

[0321 ] The viscosity of the reaction mixture on the out- 
let side was 300 Pa-S. 

[0322] The flange used to attain the object of this ex- 
ample was a flange incorporating a heating medium 
jacket as shown in Fig. 15 and made from SUS316. the 
reaction mixture contact surface and the pipe and sock- 
et metal-to-metal sealing surfaces thereof had a surface 
roughness of 1 .6 jim in terms of Rmax. and TIG welding 
was used. A hollow metal O ring prepared by plating 
SUS31 6 with silver was used for a gasket and the gasket 
was tightened with predetermined torque and tightened 
more strongly by elevating temperature. 
[0323] This flange has a heat durability of 300°C or 
more, substantially no leakage under a vacuum pres- 
sure of 40.000 x 10-^ MPa or less and a pressure dura- 
bility of ISf^Pa. 

[0324] The flange shown in Fig. 15 differs from the 
flange shown in Fig. 14 in that there is no groove portion 
(male) 207 and no groove potion (female) 208 and the 
heating medium jacket shown In Fig. 1 4 does not extend 
to the collar potion of the flange. 
[0325] When 1 kg of the polymer obtained at the outlet 
of the horizontal reactor was sampled after 10 days of 
operation, dissolved in methylene chloride and filtered 
with a 30 ^im filter, about 15 foreign substances (In av- 
erage) were detected on the filter based on 1 kg of the 
polycarbonate. The expression "foreign substances* as 
used herein means a gel. highly crystallized product and 
thermally deteriorated product of a polycarbonate. 
[0326] When the flange was disassembled after 30 
days of operation, the reaction mixture contact portion 
had the same metal gloss as that before operation and 



a slight amount of a deteriorated product of the polycar- 
bonate resin was adhered to the metal -to-metal sealing 
surface. 

5 Example 8 

[0327] A polymerization reaction was carried out in 

the same manner as in Example 7 except that the flange 
shown in Fig. 14 was used in place of the flange shown 
in Fig. 15. 

[0328] When 1 kg of the polymer obtained at the outlet 
of the horizontal reactor was sampled after 10 days of 
operation, dissolved in methylene chloride and filtered 
with a 30 pm filter, about 2 foreign substances (in aver- 
age) were detected on the filter based on 1 kg of the 
polycarbonate. 

[0329] When the flange was disassembled after 30 
days of operation, the reaction mixture contact portion 
had the same metal gloss as that before operation and 
the melal-lo-matel sealing surface had the same metal 
gloss as that before operation as well. 

Comparative Example 5 

[0330] A polymerization reaction was carried out in 
the same manner as in Example 7 except that a flange 
of the same type as that shown in Fig. 15 which had no 
metal O ring attachment portion and no heating medium 
jacket was used in place of the flange shown in Fig. 15 
and an asbestos spiral wound gasket provided with in- 
ner and outer rings was used. 

[0331] When 1 kg of the polymer obtained at the outlet 
of the horizontal reactor was sampled after 10 days of 
operation, dissolved in methylene chloride and filtered 
with a 30 pm fitter, about 55 almost white foreign sub- 
stances (in average) were detected on the filter based 
on 1 kg of the polycarbonate. 

[0332] When the flange was disassembled after 16 
days of operation, white foreign substances were ad- 
hered to the reactbn mixture contact portion in large 

quantities and a deteriorated product of the polycar- 
bonate resin was adhered to the metal-to-metal sealing 
surface. 

45 Example 9 

[0333] Diphenyl carbonate was charged into a disso- 
lution lank equipped with a stirrer in an amount of 1 .05 
mols based on 1 mol of 2,2-bis(4-hydroxyphenyl)pro- 

so pane, the inside of the tank was substituted with nitro- 
gen, 2,2-bis(4-hydroxyphenyl)propane was dissolved in 
diphenyl carbonate at 1 50** C, and the resulting mixture 
solution was transferred to a raw material storage tank 
maintained at 150^*0. 

55 [0334] Thereafter, the mixture was continuously sup- 
plied to a vertical reactor whose inside temperature was 
maintained at 240^*0 and inside pressure at 1 .333 x 10-^ 
MPa and which was equipped with a fractionator and 
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agitator at a rate of 60 kg/hr. 1 x 10'^ equivalent of a 
bisphenol A disodium salt and 1x10"^ equivalent of te- 
tramethyl ammonium hydroxide were continuously add- 
ed to 1 mol of 2,2-bjs(4-hydroxyphenyl)propane, and a 
reaction was carried out by removing the produced phe- 5 
nol from the fractionator. 

[0335J The obtained reaction mixture was continu- 
ously discharged using a gear pump. The polymeriza- 
tion degree of the obtained reaction mixture was ob- 
tained by measuring intrinsic viscosity thereof. As a re- io 
suit, a reaction mixture having a [i]) of 0.16 was ob- 
tained. 

[0336] Thereafter the reaction mixture was continu- 
ously supplied to a horizontal reactor whose inside tem- 
perature was maintained at 270°C and inside pressure is ' 
at 133 X 10-^ MPa. The reaction mixture was further po- 
lymerized while the produced phenol was removed to 
the outside of the system to continuously produce a 
polycarbonate having a [ii] of 0.35. 
[0337] The obtained reaction mixture was continu- 
ously discharged using a gear pump. The viscosity of 
the reaction mixture at the outlet was 300 Pa S at 270'*C. 
[0338] The reducer of the present invention was used 
in all the restricted and expanded portions of the pipes 
used to connect the dissolution tank to the vertical rc- 2B 
actor, gear pump, horizontal reactor and gear pump for 
the discharge of a reaction mixture and all the branches 
of the pipes. 

[0339] The used pipes and the reducer of the present 
invention were made from SUS316 and had a surface 30 
roughness of 1.6 pm in terms of Rmax by buffing, and 
a reducer of an eccentric type having a restriction or ex- 
pansion angle of 10° in terms of vertical angle was con- 
nected to the pipe by TIG welding in such a manner that 
an upper portion of the reducer became horizontal. ■ 3S 
[0340] When 1 kg of the polymer obtained at the outlet 
of the horizontal reactor was sampled after 10 days of 
operation, dissolved in methylene chloride and filtered 
with a 30 pm-mesh filter, about 2 foreign substances (in 
average) were detected on the filter based on 1 kg of 40 
the polycarbonate. The expression "foreign substanc- 
es" as used herein means a gel, highly crystallized prod- 
uct and thermally deteriorated product of a polycar- 
bonate. 

[0341] When the liquid contact portion of the reducer 45 
was observed through a fiberscope after 40 days of op- 
eration, it retained almost the same metal gloss as that 
before operation. However, when the restricted and ex- 
panded portions of the liquid contact portions of the gear 
pump and the valve used were dissembled and inspect- so 
ed, a trace amount of a brown product was adhered. 

Example 10 



angle of 20°. 

[0343] When 1 kg of the polymer obtained at the outlet 

of the horizontal reactor was sampled after 10 days of 
operation, dissolved in methylene chloride and filtered 
with a 30 pm-mesh filter, about 8 foreign substances (In 
average) were detected on the filter based on 1 kg of 
the polycarbonate. 

[0344] When the liquid contact surfaces of the gear 
pump and the valve were observed through a fiberscope 
after 40 days of operation, they retained almost the 
same metal gloss as that before operation. 

Comparative Example 6 

[0345] A polymerization reaction was carried out In 
the same manner as in Example 9 except that a reducer 
of a concentric type having a restriction and expansion 
angle of 45** in terms of vertical angle was used. 
[0346] When 1 kg of the polymer obtained at the outlet 
of the horizontal reactor was sampled after 10 days of 
operation, dissolved in methylene chloride and filtered 
with a 30 ^m-mesh filter, about 15 foreign substances 
(in average) were detected on the filter based on 1 kg 
of the polycarbonate. There was a tendency toward an 
increase in the number of the foreign substances as the 
operation time became longer. 

[0347] When the reducer was observed through a fib- 
erscope after 40 days of operation, a slight amount of a 
brown product was adhered to the liquid contact surface 
of the reducer. A larger amount of the brown product 
was adhered to an upper portion of the liquid contact 
surface of the reducer than a lower portion of the liquid 
contact surface, and a larger amount of the brown prod- 
uct was adhered to the expanded portion than the re- 
stricted portion. 



[0342] A polymerization react bn was carried out In 
the same manner as in Example 9 except that the re- 
striction and expansion of the liquid contact portions of 
the gear pump and the valve used were set to a vertical 
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Example 11 

[0348] Diphenyl carbonate was charged into a disso- 
lution tank equipped with a stirrer In an amount of 1 .05 
mols based on 1 mol of 2,2-bis(4-hydroxyphenyl)pro- 
pane, the inside of the tank was substituted with nitro- 
gen, 2,2-bis(4-hydroxyphenyl)propane was dissolved in 
diphenyl carbonate at 150° C, and the resulting mixture 
solution was transferred to a raw material storage tank 
maintained at 150°C. 

[0349] Thereafter, the mixture was continuously sup- 
plied to a vertical reactor whose Inside temperature was 
maintained at 240°C and inside pressure at 1 ,333 x 1 0'^ 
I^Pa and which was equipped with a fractionator and 
agitator at a rate of 60 kg/hr. 1x10*^ equivalent of a 
bisphenol A disodium salt and 1x10"^ equivalent of te- 
tramethyf ammonium hydroxide were continuously add- 
ed to 1 mol of 2,2-bis(4-hydroxyphenyI)propane. and a 
reaction was carried out by removing the produced phe- 
nol from the fractionator. 

[0350] The obtained reaction mixture was continu- 
ously discharged using a gear pump The polymeriza- 
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lion degree of the obtained reaction mixture was ob- 
tained by measuring intrinsic viscosity thereof. As a re- 
sult, a reaction mixture having a [\]] of 0.16 was ob- 
tained. 

[0351] Thereafter, the reaction mixture was continu- 
ously supplied to a horizontal reactor whose inside tem- 
perature was maintained at 270° C and inside pressure 
at 133 x 10'^ MPa. The reaction mixture was further po- 
lymerized while the produced phenol was removed to 
the outside of the system to continuously produce a 
polycarbonate having a [ii] of 0.35. The viscosity of the 
reaction mixture at the outlet was 300 Pa-S at 270X. 
[0352] The pipe and curved portion of the present in- 
vention used were cold bent with a bender, made from 
SUS316 and finished by fluid polishing and buffing to a 
surface roughness ol 1 .6 pm in terms of Rmax. The cur- 
vature of the pipe was 9 times the inner diameter of the 
pipe. The pipe was connected by TIG welding. 
[0353] In this example, the curved portion of the 
present invention was used for all the curved portions 
of pipes used to connect the dissolution tank to the ver- 
tical reactor, gear pump, horizontal reactor and gear 
pump for the extraction of a polycarbonate and in all 
branches of these pipes for the transfer of the reaction 
mixture. 

[0354] When 1 kg of the polymer obtained at the outlet 
of the horizontal reactor was sampled after 10 days of 
operation, dissolved in methylene chloride and filtered 
with a 30 pm-mesh filter, about 2 foreign substances (in 
average) were detected on the filter based on 1 kg of 
the polycarbonate. The expression "foreign substanc- 
es" as used herein means a gel. highly crystallized prod- 
uct and thermally deteriorated product of a polycar- 
bonate. 

[0355] When the inside of the pipe was observed 
through a fiberscope after 40 days of operation, the re- 
action mixture contact portion retained almost the same 
metal gloss as that before operation. 

Comparative Example 7 

[0356] A polymerization reaction was carried out in 
the same manner as in Example 1 1 except that an elbow 
pipe specified by JIS B 2312-1986 was used as a pipe 
having a curved portion. 

[0357] When 1 kg of the polymer obtained at the outlet 
of the horizontal reactor was sampled after 10 days of 
operdlion. dissolved in methylene chloride and filtered 
with a 30 pm-mesh filter, about 15 foreign substances 
(in average) were detected on the filter based on 1 kg 
of the polycarbonate. There was a tendency toward an 
increase in the number of the foreign substances as the 
operation time became longer. 

[0358] When the inside of the elbow was observed 
through a fiberscope after 40 days of operation, a slight 
amount of a brown product was adhered to the liquid 
contact surface of the elbow. 



Example 12 

[0359] Diphenyl carbonate was charged into a disso- 
lution tank equipped with a stirrer in an amount of 1 .05 

5 mols based on 1 mol of 2.2-bis(4-hydroxyphenyl)pro- 
pane. the inside of the lank was substituted with nitro- 
gen, 2.2-bis(4-hydroxyphenyl)propane was dissolved in 
diphenyl carbonate at 1 50° 0. and the resulting mixture 
solution was transferred to a raw material storage tank 

10 maintained at 150°C. 

[0360] Thereafter, the mixture was continuously sup- 
plied to a vertical reactor whose inside temperature was 
maintained at 240** 0 and inside pressure at 1,333 x 10"^ 
MPa and which was equipped with a fractionator and 

15 agitator at a rate of 60 kg/hr, 1x10-^ equivalent of a 
bisphenol A disodium salt and 1 x lO"'' equivalent of te- 
tramethyl ammonium hydroxide were continuously add- 
ed to 1 mol of 2,2-bis(4-hydroxyphenyl)propane. and a 
reaction was carried out by removing the produced phe- 

20 nol from the fractionator. 

[0361] The obtained reaction product was continu- 
ously discharged using a gear pump. The polymeriza- 
tion degree of the obtained reaction product was ob- 
tained by measuring intrinsic viscosity thereof. As a re- 

25 suit, a reaction mixture having a [i]] of 0.16 was ob- 
tained. 

[0362] Thereafter the reaction mixture was continu- 
ously supplied to a horizontal reactor whose inside tem- 
perature was maintained at 270' 0 and Inside pressure 

30 at 133 X 10"^ MPa. The reaction mixture was further po- 
lymerized while the produced phenol was removed to 
the outside of the system to continuously produce a 
polycarbonate having a [ii] of 0.35. The obtained reac- 
tion mixture was continuously discharged using a gear 

35 pump and the reducer of the present invention. The vis- 
cosity of the reaction mixture at the outlet was 300 Pa S 
at 270*^0. 

[0363] In this example, the flange, reducer, bender 
bent pipe, valve and gear pump of the present invention 

40 were used for all the flanges, the restricted, expanded 
and cun/ed portions of the pipes and the valves as trans- 
fer members and branch pipes provided for these trans- 
fer members installed in a production line from the dis- 
solution tank, vertical reactor, gear pump, horizontal re- 

45 actor and gear pump for the discharge of a polycar- 
bonate as shown in Fig. 1 . 

[0364] The transfer members of the present invention 
have a heal durability of 300*'C. substantially no leakage 
under a vacuum pressure of 40,000 x 10'^ MPa or less 

so and a pressure resistance of 1 5 MPa. 

[0365] As for the materials of the liquid contact por- 
tions of the transfer members used, the gear pump was 
made from SUS420J2 and other members were made 
from SUS31 6. A hollow metal O ring prepared by plating 

55 SUS 31 6 with silver was used for a gasket and the gasket 
was tightened with predetermined torque and tightened 
more strongly by elevating temperature. 
[0366] All the transfer members of the present inven- 
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tion were kept warm by a healing medium jacket to pre- 
vent the temperature of the reaction mixture from being 
. lowered than the temperature of each reactor. The liquid 
contact portions had a surface roughness of 1.6 pm in 
terms of Rmax by fluid polishing or buffing and were 5 
made smooth with substantially no level differences, 
and the metal-touch surface of each of the transfer 
members had a surface roughness of 1.6 |jm in terms 
of Rmax. TIG welding was used for welded portions. 
[0367] All the flow passages of the present invention w 
except the inlet portion of the gear pump which had a 
restriction or expansion angle of 20" in terms of vertical 
angle had a vertical angle of 10'* and were cold bent to 
ensure that the curvature became 9 times the inner di- 
ameter of the flow passage. 75 
[0368] The reducer used in the pipe portions was an 
eccentric type reducer shown in Fig. 20 which was in- 
stalled in such a manner that an upper portion thereof 
became horizontal. 

[0369] The flange of the present invention incorporat- 20 
ed a heating medium jacket as shown in Fig. 1 4. 
[0370] The gear pump of the present invention dis- 
charged the reaction mixture used to lubricate contact 
portions among the gear, shaft and other gear pump 
mcmbors to the outside of the pump so that it did not 2S 
return into the reaction mixture as a final product again. 
A gland packing was used as a seal for the drive shaft 
of the former gear pump and a labyrinth seal was used 
as a seal for the driving shaft of the latter gear pump. 
[0371] The delivery pressure of the former gear pump 30 
was adjusted to 1 f^Pa and the delivery pressure of the 
latter gear pump was adjusted to 3 MPa. 
[0372] The bushing for supporting the shaft of the 
gear was fixed to the cover plate, a gap between the 
cover plate and the bushing was substantially eliminat- 35 
ed, and a scraper was installed at end portions of the 
driving shaft and the follow shaft. 
[0373] The valve of the present invention is a Y- 
shaped globe valve shown in Fig. 8, the diameter of the 
stem was made substantially equal to the inner diameter 40 
of the pipe, and a spacer having a smooth curved sur- 
face that did not disturb the flow of the reaction mixture 
was installed at an end portion of the stem. The seat 
was made from STELLITE FACE #6. 
[0374] When 1 kg of the polymer was sampled at the 45 
outlet of the horizontal reactor after 1 0 days of operation, 
dissolved in methylene chloride and filtered with a 30 
^m-mesh filter, about 1 foreign substances (In average) 
were detected on the filter based on 1 kg of the polycar- 
bonate. The expression "foreign substances" as used so 
herein means a gel, highly crystallized product and ther- 
mally deteriorated product of a polycarbonate. When the . 
number of foreign substances wore counted likewise for 
90 days of operation, it remained the same at about 1 
based on 1 kg of the polycarbonate. When the mixture 55 
of foreign substances at the time of sampling was taken 
Into consideration, it was estimated that there was sub- 
stantially no foreign substance which was formed during 



the production of the polycarbonate. 
[0375] When the transfer rnembers were observed 
through a fiberscope after 90 days of operation, the liq- 
uid contact portions of the reaction mixture maintained 
almost the same metal gloss as that before operation. 

Example 13 

[0376] A polymerization reaction was carried out in 
the same manner as in Example 1 2 except that a flange 
shown in Fig. 15 which had no metal O ririg attachment 
portion and no heating medium jacket was used in place 
of the flange used in a production line from the former 
gear pump to the polycarbonate discharge portion and 
an asbestos spiral wound gasket provided with inner 
• and outer rings was used. 

[0377] When 1 kg of the polymer was sampled at the 
out let of the horizontal reactor after 1 0 days of operation, 
dissolved in methylene chloride and filtered with a 30 
pm-mesh filler, 5 to 10 foreign substances were detect- 
ed on the filter based on 1 kg of the polycarbonate. 
[0378] When the transfer members were observed 
through a fiberscope after 16 days of operation, the liq- 
uid contact portions of the reaction mixture excluding the 
flange portions maintained almost the same metal gloss 
as that before operation. White foreign matter was ad- 
hered to the liquid contact portions of the flange portions 
in large quantities and a brown deteriorated product was 
adhered to the gasket between the flanges. 

Example 14 



[0379] A polymerization reaction was carried out in 
the same manner as in Example 12 except that a gear 
pump in which the front plate, gear case and back plate 
were made from SUS316. the reaction mixture used to 
lubricate contact portions among the gear, shaft and oth- 
er gear pump members returned into the reaction mix- 
ture which would become a product after lubhcation 
again, the bushing for supporting the shaft of the gear 
was not fixed to the cover plate, there was no scraper 
at end portions of the shafts, the restriction angle of the 
flow passage at the inlet of the gear pump was 60* In 
terms of vertical angle, a mechanical seal was used for 
the former gear pump, the liquid contact portions had a 
surface roughness of 12.5 in terms of Rnnax. and the 
sealing of the fixed portion was metal-to-metal sealing 
was used In place of the gear pump of the present in- 
vention. 

[0380] When 1 kg of the polymer was sampled at the 
outlet of the horizontal reactor after 1 0 days of operation, 
dissolved in methylene chloride and filtered with a 30 
pm-mcsh filter, about 40 foreign substances (In aver- 
age) were detected on the filter based on 1 kg of the 
polycarbonate. 

[0381] When the transfer members were observed 
through a fiberscope after 16 days of operation, the liq- 
uid contact portions of the reaction mixture excluding the 
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gear pump portions maintained almost the same metal 
gloss asthat before operation. When the gear pump was 
disassembled and inspected, a discolored reaction mix- 
ture used to lubricate contact portions among the gear, 
shaft and other gear pump members was adhered to the 5 
inside of the flow passages, and a brown deteriorated 
product was adhered between the cover plate and the 
bushing. The shaft end portion showed the marks of a 
brown product adhered thereto. The mechanical seal as 
a drive shaft seal for the former gear pump showed the 
marks of a sealing solution leaking inside and mixed into 
the reaction mixture. 

Example 15 

IS 

[0382] A polymerization react bn was carried out in 
the same manner as in Example 12 except that a T- 
shaped globe valve shown in Fig. 5 was used as a valve 
between a vertical reactor and a horizontal reactor in 
place of the valve of the present invenlion. 
[0383] When 1 kg of the polymer was sampled at the 
outlet of the horizontal reactor after 10 days of operation, 
dissolved in methylene chloride and filtered with a 30 
pm-mesh filter, about 50 foreign substances (in aver- 
ago) were detected on the filter based on 1 kg of the 
polycarbonate. Countless foreign substances were ex- 
istent on the filter right after the valve was operated. 
[0384] A required amount of the reaction mixture 
could not be supplied unless the delivery pressure of the 
former gear pump was raised to 1 .2 MPa. -30 
[0385] When the transfer members were obsen/ed 
through a fiberscope after 16 days of operation, the liq- 
uid contact portions of the reaction mixture excluding the 
valve portions maintained almost the same metal gloss 
as that before operation. However, when the valve was 35 
disassembled and inspected, white and brown products 
were adhered to the rear side of the disk of the valve 
and a residence portion formed in the rear side of the 
disk of the valve in large quantities. A brown product 
was partially adhered to a location where the flow of the 
valve sharply changed. 

[0386] In the industrial process for producing a poly- 
carbonate by melt polymerization, the retention of the 
reaction mixture is suppressed, the formation of a dete- 
riorated product of the polymer is minimized, and a high- 
quality polycarbonate can be obtained as a base mate- 
rial for optical recording media by using (1) valves. (2) 
gear pumps, (3) flanges and (4) flow passages having 
specific structures and characteristic properties. 



Claims 

1. A process for producing a polycarbonate resin 
through the melt polycondensation of an aromatic 
diol compound and a carbonic acid diester com- 
pound, wherein 

(1 ) valves. (2) pumps. (3) flanges and (4) flow 



passages having the following structures and char- 
acteristic properties are used in the production 
process: 

(1) valve: Y-shaped globe valve which has a 
. heat durability of 150''C or more, substantially 

no leakage under a vacuum pressure of 40,000 
X 10"^ I^Pa or less and a pressure durability of 
0. 1 MPa or more, and whose liquid contact por- 
tion is made from a material having corrosion 
resistance against a monohydroxy compound 
formed by a reaction between the aromatic diol 
compound and the carbonic acid diester com- 
pound; 

(2) gear pump: gear pump which has a heat du- 
rability of 150°C or more, substantially no leak- 
age under a vacuum pressure of 40,000 x 1 0r^ 
t\APa., a pressure durability of 0.1 MPa or more 
and a delivery pressure of 1 MPa or more, 
whose liquid contact portion is made Irom a ma- 
terial having corrosion resistance against a 
monohydroxy compound formed by a reaction 
between the aromatic diol compound and the 
carbonic acid diester compound, and which has 
such a structure that the reaction mixture under 
a vacuum pressure of 40,000 x 1 0*^ MPa or less 
can be discharged and that the reaction mixture 
for lubricating contact portions among a gear, 
shaft and other gear pump members does not 
return into the pump and is discharged to the 
outside of the pump: 

(3) flange: flange which has a heat durability of 
150*C or more, substantially no leakage under 
a vacuum pressure of 40,000 x 1 0*^ MPa or less 
and a pressure durability of 0.1 MPa or more, 
whose liquid contact portion is made from a ma- 
terial having corrosion resistance against a 
monohydroxy compound formed by a reaction 
between the aromatic diol compound and the 
carbonic acid diester compound, and which has 
a heating medium jacket therein: and 

(4) flow passage; flow passage which has a 
heat durability of 150°C or more, substantially 
no leakage under a vacuum pressure of 40,000 
x 10'® MPa or less and a pressure durability of 
0.1 MPa or more, whose liquid contact portion 
is made from a material having corrosion resist- 
ance against a monohydroxy compound 
formed by a reaction between the aromatic diol 
compound and the carbonic acid diester com- 
pound, which is restricted and/or expanded at 
a vertical angle of 20° or less, and whose sur- 
face is smooth without level differences. 

2- A process for producing a polycarbonate resin 
through the melt polycondensation of an aromatic 
diol compound and a carbonic acid diester com- 
pound, wherein 
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(1) valves, (2) gear pumps and (3) flanges 
having the following structures and characteristic 
properties are used in the production process: • 

(1) valve: Y-shaped globe valve which has a s 
heat durability of ISO'^C or more, substantially 
no leakage under a vacuum pressure of 40,000 
X 10"® MPa or less and a pressure durability of 
0. 1 MPa or more, and whose liquid contact por- 
tion is made from a material having corrosion io 
resistance against a monohydroxy compound 
formed by a reaction between the aromatic diol 
compound and the carbonic acid diester com- 
pound; 

(2) gea r pump; gear pump which has a heat du- '5 
rability of ISCC or more, substantially no leak- 
age under a vacuum pressure of 40,000 x IO'® 
MPa, a pressure durability of 0. 1 MPa or more 
and a delivery pressure of l MPa or more, 
whose liquid contact portion is made from a ma- 20 
terial having corrosion resistance against a 
monohydroxy compound formed by a reaction 
between the aromatic diol compound and the 
carbonic acid diester compound, and which has 
such a structure that the reaction mixture under 2S 
a vacuum pressure of 40,000 x 10'® MPa or less 
can be discharged and that the reaction mixture 
for lubricating contact portions among a gear, 
shaft and other gear pump members does not 
return into the pump and is discharged to the 30 
outside of the pump; and 
(3) flange; flange which has a heat durability of 
150°C or more, substantially no leakage under 
a vacuum pressure of 40,000 x 1 0"® MPa or less 
and a pressure durability of 0.1 MPa or more, 3S 
whose liquid contact portion is made from a ma- 
terial having corrosbn resistance against a 
monohydroxy compound formed by a reaction 
between the aromatic diol compound and the 
carbonic acid diester compound, and which has 40 
a heating medium jacket therein. 

A process for producing a polycarbonate resin 
through the melt polycondensation of an aromatic 
diol compound and a carbonic acid diester com- 
pound, wherein 

at least two members out of (1) valves. (2) 
gear pumps and (3) flanges used In the production 
process have the following structures and charac- 
teristic properties: so 

(1) valve; Y-shaped globe valve which has a 
heat durability of 150°C or nrrare. substantially 
no leakage under a vacuum pressure of 40.000 
x 10-® MPa or less and a pressure durability of ss 
0. 1 MPa or more, and whose liquid contact por- 
tion Is made from a material having corrosion 
resistance against a monohydroxy compound 



formed by a reaction between the aromatic diol 
compound and the carbonic acid diester com- 
pound; 

(2) gear pump: gear pump which has a heat du- 
rability of 150'C or more, substantially no leak- 
age under a vacuum pressure of 40.000 x 10"^ 
MPa. a pressure durability of 0.1 MPa or more 
and a delivery pressure of 1 MPa or more, 
whose liquid contact portion is made from a ma- 
terial having corrosion resistance against a 
monohydroxy compound formed by a reaction 
between the aromatic diol compound and the 
carbonic acid diester compound, and which has 
such a structure that the reaction mixture under 
a vacuum pressure of 40,000 x 1 0*® MPa or less 
can be discharged and that the reaction mixture 
for lubricating contact portions among a gear, 
shaft and other gear pump members does not 
return into the pump and is discharged to the 
outside of the pump: and 
(3) flange; flange which has a heat durability of 
150°C or more, substantially no leakage under 
a vacuum pressure of 40.000 x 1 0'^ MPa or less 
and a pressure durability of 0.1 MPa or more, 
whose liquid contact portion is made from a ma- 
terial having corrosion resistance against a 
monohydroxy compound formed by a reaction 
between the aromatic diol compound and the 
carbonic acid diester compound, and which has 
a heating medium jacket therein. 

4. The polycarbonate resin production process ac- 
cording to claim 3. wherein flow passages (4) hav- 
ing the following structure and characteristic prop- 
erties are used: 

(4) flow passage; flow passage which has a heat 
durability of 150**C or more, substantially no leak- 
age under a vacuum pressure of 40,000 x 1 0'^ MPa 
or less and a pressure durability of 0. 1 MPa or more, 
whose liquid contact portion is made from a material 
having corrosion resistance against a monohydroxy 
compound formed by a reaction between the aro- 
matic diol compound and the carbonic acid diester 
compound, which is restricted and/or expanded at 
a vertical angle of 20** or less, and whose surface 
is smooth without level differences. 

5. A process for producing a polycarbonate resin 
through the melt polycondensation of an aromatic 
diol compound and a carbonic acid diester com- 
pound, wherein 

at least one member out of (1 ) valves, (2) gear 
pumps and (3) flanges used in the production proc- 
ess has the following structure and characteristic 
properties: 

(1) valve; Y-shaped globe valve which has a 
heat durability of 150*C or more, substantially 
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no leakage under a vacuum pressure of 40.000 
X 10-6 MPa or less and a pressure durability of 
0. 1 MPa or more, and whose liquid contact por- 
tion is made from a material having corrosion 
resistance against a monohydroxy compound 5 
formed by a reaction between the aromatic diol 
compound and the carbonic acid diester com- 
pound; 

(2) gear pump; gear pump which has a heal du- 
rability of 1 50°C or more, substantially no leak- io 
age under a vacuum pressure of 40.000 x 10"^ 
MPa. a pressure durability of 0. 1 MPa or more 
and a delivery pressure of 1 MPa or more, 
whose liquid contact portion is made from a ma- 
terial having corrosion resistance against a '5 
monohydroxy compound formed by a reaction 
between the aromatic diol compound and the 
carbonic acid diester compound, and which has 
such a structure that the reaction mixture under 

a vacuum pressure of 40.000 x 1 0'^ MPa or less 20 
can be discharged and that the reaction mixture 
for lubricating contact portions among a gear, 
shaft and other gear pump members does not 
return into the pump and is discharged to the 
outside of the pump; and 

(3) flange; flange which has a heat durability of 
\50°C or more, substantially no leakage under 
a vacuum pressure of 40.000 x 1 0"^ MPa or less 
and a pressure durability of 0.1 MPa or more, 
whose liquid contact portion is made from a ma- 30 
terial having corrosion resistance against a 
monohydroxy compound formed by a reaction 
between the aromatic diol compound and the 
carbonic acid diester compound, and which has 

a heating medium jacket therein. 

6. The polycarbonate resin production process ac- 
cording to claim 5. wherein flow passages (4) hav- 
ing the following structure and characteristic prop- 
erties are used: 

(4) flow passage; flow passage which has a heat 
durability of 150**C or more, substantially no leak- 
age under a vacuum pressure of 40.000 x 1 0"^ MPa 
or less and a pressure durability of 0. 1 MPa or mote, 
whose liquid contact portion is made from a material ^5 
having corrosion resistance against a monohydroxy 
compound formed by a reaction between the aro- 
matic diol compound and the carbonic acid diester 
compound, which is restricted and/or expanded at 
a vertical angle of 20° or less, and whose surlace ^o 
is smooth without level differences. 

7. A process for producing a polycarbonate resin 
through the melt polycondensation of an aromatic 
diol compound and a carbonic acid diester com- 55 
pound, wherein 

at least one member out of (1 ) valves. (2) gear 
pumps. (3) flanges and (4) flow passages used in 



the production process has the following structure 
and characteristic properties: 

(1) valve; Y-shaped globe valve which has a 
heat durability of 150°C or more, substantially 
no leakage under a vacuum pressure of 40.000 
X 10 ® MPa or less and a pressure durability of 
0. 1 MPa or more, and whose liquid contact por- 
tion is made from a material having corrosion 
resistance against a monohydroxy compound 
formed by a reaction between the aromatic diol 
compound and the carbonic acid diester com- 
pound; 

(2) gear pump; gear pump which has a heat du- 
rability of 1 50°C or more, substantially no leak- 
age under a vacuum pressure of 40.000 x 10'^ 
MPa, a pressure durability of 0.1 MPa or more 
and a delivery pressure of 1 MPa or more, 
whose liquid contact portion is made from a ma- 
terial having corrosion resistance against a 
monohydroxy compound formed by a reaction 
between the aromatic diol compound and the 
carbonic acid diester compound, and which has 
such a structure that the reaction mixture under 
a vacuum pressure of 40.000 x 1 0'^ MPa or less 
can be discharged and that the reaction mixture 
for lubricating contact portions among a gear, 
shaft and other gear pump members does not 
return into the pump and is discharged to the 
outside of the pump: 

(3) flange; flange which has a heat durability of 
150°C or more, substantially no leakage under 
a vacuum pressure of 40,000 x 1 0'^ MPa or less 
and a pressure durability of 0.1 MPa or more, 
whose liquid contact portion is made from a ma- 
terial having corrosion resistance against a 
monohydroxy compound formed by a reaction 
between the aromatic diol compound and the 
carbonic acid diester compound, and which has 
a heating medium jacket therein; and 

(4) flow passage; flow passage which has a 
heat durability of 150°C or more, substantially 
no leakage under a vacuum pressure of 40,000 
x 10*® MPa or less and a pressure durability of 
0.1 MPa or more, whose liquid contact portion 
is made from a material having corrosion resist- 
ance against a monohydroxy compound 
formed by a reaction between the aromatic diol 
compound and the carbonic acid diester com- 
pound, which is restricted and/or expanded at 
an vertical angle of 20° or less, and whose sur- 
face is smooth without level differences. 

8. A process for producing a polycarbonate resin 
through the melt polycondensation of an aromatic 
diol compound and a carbonic acid diester com- 
pound, wherein 

(1) valves having the following structure and 
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characteristic properties are used in the production 
process: 

(1) valve; Y-shaped globe valve which has a 
heat durability of 150°C or more, substantially 5 
no leakage under a vacuum pressure of 40.000 
X 10-^ MPa or less and a pressure durability of 
0. 1 f^Pa or more, and whose liquid contact por- 
tion is made from a material having corrosion 
resistance against a monohydroxy compound io 
formed by a reaction between the aromatic diol 
compound and the carbonic acid diester com* 
pound. 

9. The polycarbonate production process according to is 
claim 8. wherein the stem of the Y-shaped globe 
valve has substantially the same thickness as that 
of a portion Into which the stem is inserted of a valve 

body. 



1 0. The polycarbonate production process according to 
claim 8 or 9, wherein an end portion of the stem of 
the Y-shaped globe valve and the inner surface of 
an upper tubular portion of the valve form a smooth 
curved surtaco when the valve is opened. 



20 
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11. The polycarbonate production process according to 
any one of claims 8 to 10, wherein an O ring is at- 
tached to the stem of the Y-shaped globe valve to 
seal a gap between the stem and the portion into 30 
which the stem is inserted of the valve body. 

12. The polycarbonate production process according to 
any one of claims 8 to 11 , wherein the liquid contact 
portion of the Y-shaped globe valve has a surface 35 
roughness of 10 pm or less. 

13. A process for producing a polycarbonate resin 
through the melt polycondensation of an aromatic 
diol compound and a carbonic acid diester com- 40 
pound, wherein 

(2) gear pumps having the following structure 
and characteristic properties are used in the pro- 
duction process: 

45 

(2) gear pump; gear pump which has a heat du- 
rability of 150°C or more, substantially no leak- 
age under a vacuum pressure of 40,000 x 10-^ 
MPa, a pressure durability of 0.1 MPa or more 
and a delivery pressure of 1 MPa or more, so 
whose liquid contact portion is made from a ma- 
terial having corrosion resistance against a 
monohydroxy compound formed by a reaction 
between the aromatic diol compound and the 
carbonic acid diester compound, and which has 55 
such a structure that the reaction mixture under 
a vacuum pressure of 40,000 x 10*^ MPa or less 
can be discharged and that the reaction mixture 



for lubricating contact portions among a gear, 
shaft and other gear pump members does not 
return into the pump and is discharged to the 
outside of the pump, 

14. The polycarbonate resin production process ac- 
cording to claim 13, wherein the gear pump com- 
prises a scraping blade for preventing the reaction 
mixture from residing in a shaft end portion of the 
gear. 

15. The polycarbonate resin production process ac- 
cording to claim 1 3or 1 4, wherein a bushing for sup- 
porting the shaft of the gear is fixed to a cover plate 
and there is substantially no space between the 
cover plate and the bushing in the gear pump. 

16. The polycarbonate resin production process ac- 
cording to any one of claims 1 3 to 1 5, wherein a flow 
passage at the reaction mixture inlet port of the gear 
pump has a restriction angle of 45° or less and has 
a smooth surface without level differences. 

17. The polycarbonate resin production process ac- 
cording to any one of claims 13 to 16, wherein the 
liquid contact portion of the gear pump has a sur- 
face roughness of 10 pm or less. 

18. The polycarbonate resin production process ac- 
cording to any one of claims 13 to 17. wherein a 
gland packing is used as a shaft seal material for 
the driving shaft of the gear pump. 

19. The polycarbonate resin production process ac- 
cording to any one .of claims 13 to 17, wherein a 
labyrinth seal is used as a shaft seal material for the 
driving shaft of the gear pump. 

20. The polycarbonate resin production process ac- 
cording to any one of claims 13 to 19, wherein a 
hollow metal O ring is used to seal the fixed portion 
of the gear pump. 

21. A process for producing a polycarbonate resin 
through the melt polycondensation of an aromatic 
diol compound and a carbonic acid diester com- 
pound, wherein 

(3) flanges having the following structure and 
characteristic properties are used in the production 
process: 

(3) flange; flange which has a heat durability of 
150**C or more, substantially no leakage under 
a vacuum pressure of 40,000 x 1 0'^ MPa or less 
and a pressure durability of 0. 1 MPa or more, 
whose liquid contact portion is made from a ma- 
terial having corrosion resistance against a 
nnonohydroxy compound formed by a reaction 
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between the aromatic diol compound and the 
carbonic acid diester compound, fiind which has 
a heating medium jacket therein. 



31. 



The polycarbonate resin production process ac- 
cording to claim 26. wherein the liquid contact por- 
tion ot the flow passage has a surface roughness 
of 10 urn or less. 



22- The polycarbonate resin production process ac- 5 
cording to claim 21, wherein the flange has a 
groove-shaped gasket seat. 

23. The polycarbonate resin production process ac- 
cording to claim 21 or 22, wherein a gasket for con- io 
necting the flange has a metal O ring. 

24. The polycarbonate resin production process ac- 
cording to any one of claims 21 to 23, wherein a 
spacer is sandwiched between the flanges. 

25. The polycarbonate resin production process ac- 
cording to any one of claims 21 to 24. wherein the 
liquid contact portion of the flange has a surface 
roughness of 10 |im or less. 

26. A process for producing a polycarbonate resin 
through the melt polycondensatton of an aromatic 
diol compound and a carbonic acid diester com- 
pound, wherein 

(4) flow passages having the following struc- 
ture and characteristic properties are used in the 
production process: 

(4) flow passage; flow passage which has a 3C 
heat durability of 150°C or more, substantially 
no leakage under a vacuum pressure of 40.000 
X 10-6 MPa or less and a pressure durability of 
0.1 MPa or more, whose liquid contact portion 
is made from a material having corrosion resist- 3£ 
ance against a monohydroxy compound 
formed by a reaction between the aromatic diol 
compound and the carbonic acid diester com- 
pound, which is restricted and/or expanded at 
a vertical angle of 20* or less, and whose sur- ^( 
face is smooth without level differences. 

27. The polycarbonate resin production process ac- 
cording to claim 26. wherein the restricted and/or 
expanded portion of the flow passage Is a reducer, 

28. The polycarbonate resin production process ac- 
cording lo claim 26. wherein the flow passage is a 
pipe. 

Si 

29. The polycarbonate resin production process ac- 
cording to claim 28, wherein the curvature of a 
curved portion of the pipe is 5 times or more the 
inner diameter of the pipe. 



30. The polycarbonate resin production process ac- 
cording to claim 28. wherein the pipe is connected 
by a socket. 
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(1) valves, (2) gear pumps, (3) flanges and (4) flow 
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